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PART I. INTRODUCTION 

By E. LOFFLER* 

The Vanimo area is situated in the extreme north-west corner of Papua New 
Guinea between longitudes 141" and 142" and between the north coast and the water- 
shed of the Bewani Mountains (Fig. 1). The area covers about 2130 sq miles and is 

Fig. 1.-locality map showing Vanimo area (shaded) and adjacent Aitap~Ambunti area. 

administratively part of the West Sepik District, with headquarters at Vanimo. 
In the east the Vanimo area joins the Aitape-Ambunti area which was surveyed 

by the Division of Land Research in 1966 (Haantjens et a/. 1972). 

*Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 



The objective of the survey was to investigate and map the land resources of thc 
area at reconnaissance level. The procedure was the same as on previous surveys by 
the Division of Land Research. The team consisted of a geomorphologist, a pedo- 
logist, a plant ecologist, and a forest botanist. Prior to the field work air-photo 
interpretation and preliminary mapping were carried out in Canberra. The area is 
covered by photographs of varying scale and quality. Most is covered by RAF 
photographs of rather poor quality at a scale of about 1 : 86,000 taken in 1963. 
The remainder is covered by Adastra Airways photos at a scale of 1 : 50,000 taken in 
1964 and by pre-war Australian Petroleum Company photographs at a scale of 
1 : 30,000. 

Fig. 2.-Location of sample sites. 

Field work was done in July 1968 with the aid of two helicopters from bases at 
Leitre, Pagei, and Vanimo. As nearly the whole survey area is densely forested, finding 
suitable landing grounds was a major problem. The river beds of the medium- and 
larger-sized rivers provided generally the only landing possibilities, and from them 
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field traverses ranging from 20 yards to 3 miles were carried out. The density and 
spread of sample points were good along the coast and in the intermontane lowlands 
but generally very poor in the coastal and inland ranges (Fig. 2). 

The weather was generally fair. Frequent early morning fogs in the inter- 
montane lowlands caused some delays there and afternoon showers and thunder 
storms occasionally forced the team to return to the base camp early in the afternoon. 

The pre-European history of the Melanesian inhabitants is unknown. It is 
likelv that the coastal weonle had trading contact with the Malavs and thus became to 

A A - 
some extent subject to their influence. According to Thomas (1941) the coastal people 
show some id t r a t ion  of Malay blood which h d s  its expression in their physiognomy. 

I11 1827 Dumont d'urville discovered the well-sheltered harbour of Vaninlo 
(Plate 1, Fig. 1) during a llautical survey along the north coast and named it Anse 
d'Attaque. However, it was not until the turn of the century that the area was con- 
tacted more closely by Europeans with the establishment of the German border post, 
Germania Hook. In 1910 a joint Dutch-German border survey penetrated inland for 
the fust time along 141" longitude (Schultze-Jena 1914). After Australia took over the 
German territory a patrol post was set up at Vanimo, mainly to stop smuggling of bird 
plumage over the border after the passing of the Plumage Bill. 

During World War II the area was under Japanese occupation. The Administra- 
tion was re-established immediately after the war and the area again became part of the 
Sepik District and was controlled by the District Officer stationed in Wewak. In 1966 
the Sepik District was split into the East and West Sepik Districts and Vanimo 
became the district headquarters of the new West Sepik District. 

IV. COMMUNICATIONS 

The only road suitable for motor vehicles is a short narrow road connecting 
Vanimo with the coastal villages of Warimo and Yaka. All other land commnnication 
is by foot tracks, some of which are well maintained by local villagers. The rivers are 
not navigable even for small craft except at their tidal outlets. These tidal creeks and 
the lagoons behind the beach ridges are used by small canoes. There is also some 
traffic in outriggers along the coast. 

Vanimo harbour (Plate 1, Fig. 1) is the only place along the coast which is 
suitable for anchorage of ocean-going vessels. It can provide good shelter for up to 
three 10,000-ton vessels. 

Airstrips are vital for communication with all inland patrol posts and missions. 
At Vanimo and Pagei the airstrips are maintained by the Administration, while 
Leitre, Ossima, and Summumumi airstrips are serviced by the missions. Only Vanimo 
airstrip is suitable for DC3 and Fokker Friendship aircraft and receives regular service 
flights. 

V. ACKNOWLEDGMENT 
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PART 11. GENERAL DESCRIPTION 

By E. GFFLER,* H. A. HAANTIENS,* P. C. HEYLIGERS,~ and J. C. SAUNDBRS* 

I. LAND FORMS, CLIMATE, VEGETATION, AND SOILS 

(a) Pl?ysiograpliic Regions 

The Vanimo area is subdivided into five major physiographic regions: the 
coastal plain, the alluvial plains of the major rivers, the coastal ranges, the inter- 
montane lowlands, and the inland ranges (Fig. 3). 

(i) The Coastal Plain.--The coastal plain forms a narrow belt in front of steeply 
rising coastal ranges. Either it consists of a sequence of beach ridges and swales with 
blocked back swamps or it is formed by coral platforms (Plate 1, Fig. 2; Plate 2, 
Fig. 1). Although the coastal plain occupies only about 1 % of the Vanimo area, it is 
of major importance as it supports about 45 % of the population. For this reason little 
primary vegetation remains; this includes some patches of forest and some perman- 
ently inundated back swamps that are covered by herbaceous vegetation or poor sago 
palm vegetation. 

Dark, shallow, alkaline, sandy soils occur on coral. Deep sandy soils are 
formed on beach ridges, and these become more acid and increasingly develop a 
darker topsoil from the coast inland. Mainly clayey soils occur on alluvium, and 
these become increasingly gleyed towards the swampy parts. 

(ii) AlluvialPlains of the Major Rivers.-The alluvial plains of the Pual and Bliii 
Rivers cross the coastal plain and extend upstream to the foot of the inland ranges. 
They consist of widely meandering channels, scroll complexes, low levees, some 
oxbows, and extensive alluvial plains or back plains. Two to three terraces are 
developed along the Pual River. 

Tall forests cover most of the plains (Plate 2, Fig. 2). Tall forest with a rather 
open canopy (Fo) occurs on well to imperfectly drained parts not liable to flooding. 
A similar forest type with scattered light-toned crowns (Fod) is found on lower parts 
with virtually the same drainage conditions but flooded annually to once every five 
years. Tall forests with open canopies with sago pahns in the undergrowth (FoM, 
FodM) occur on imperfectly to very poorly drained back plains flooded twice annually 
to once every three years. 

Most soils are undeveloped. They are largely medium to very fine textured, 
weakly alkaline to weakly acid, and well to poorly drained. Coarser-textured soils 
occur on lower terraces and scroll plains and are often alkaline and calcareous. On 

*Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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high terraces occur moderately developed so~ls that are predominantly acid, fine to 
very fine textured, and imperfectly to poorly drained. 

(~ii) The Coastal Ranges.--The coastal ranges rise abruptly from the coastal 
plain or directly from the sea to altitudes of 1200 ft or more (Fig. 4; Plate 1, Fig. 2; 
Plate 2, Fig. 1). They are subdivided by the lower Pual River into a smaller eastern 
and a larger western part. They consist of plateaux and plateau-like areas with steep 
escarpments to the north. The dominant rock type is limestone with a varyiug degree 
of impurity. Where limestone occurs in pure facies the plateau surfaces are formed by 
karst hills and dolines. 

The vegetation is tall forest with a more or less open canopy with scattered 
light-toned crowns (Foid, Fid). Tall forest with an irregular, small-crowned canopy 
with light-toned crowns (Fisd) occurs in the west in hmestone-dominated areas. Here, 
at higher altitudes, mid-height forest types are found, usually with dense canopies and 
emergent Araucaria (Fmc, Fmci, Fmis). 

Typical limestone soils are very shallow, very dark, neutral to alkaline in 
reaction, and h e  textured. Deeper, very fine-textured soils occur on intercalated 
sedimentary rocks and are basically similar to those in the next region. 

(iv) The Intermontane Lowlands.-The intermontane lowlands separate the 
coastal ranges from the inland ranges and form the major structural feature of the 
area. There are two parts, a heterogeneous pattern of subparallel to dendritic ridges in 
the east (Plate 3, Fig. I), and flat to gently undulating alluvial fans in the west (Plate 3, 
Fig. 2). The ridges and hills to the east are built up of marl and mudstone of Pliocene 
age. These soft sediments form unstable slopes and slumping is a common feature 
throughout this area. In the west most of the lowlands are occupied by a system of 
coalesciugfans that extend from the inland ranges and by low to very low ridges rising 
above the alluvial plain of the middle Pual River. 

Hills and ridges are largely covered by tall forest with a rather open irregular 
canopy with scattered lighter-toned crowns (Foid) (Plate 3, Fig. I), with areas of 
secondary forest (FR, FoiA). The fans carry tall forests with open canopies and dense 
understoreys (Plate 3, Fig. 2). The type with light-toned crowns (FodD) occurs in less 
ill-drained areas than the type with a small-crowned canopy (FosD). Sago palm 
vegetation (M, Me) is found on depressions in the fans (Plate 3, Fig. 2) and in blocked 
valleys. 

The typical soils on soft sedimentary rocks are rather shallow, slighuy to 
moderately developed, h e -  to very he-textured soils of weakly alkaline to weakly 
acid reaction. Deeper soils occur where the bed-rock is covered by colluvium. Slight 
gleying is rather common. More developed acid soils, commonly with a somewhat 
coarser-textured surface soil, occur on more stable sites, mostly upper slopes and 
crests, and dip slopes. 

On the fan surfaces occur mainly moderately to very strongly developed acid to 
strongly acid soils of fine to very h e  texture, but usually with coarser-textured surface 
soils. They are partly slowly permeable and more or less gleyed, and partly friable 
and well drained. 

(v) The Inland Ranges.-The inland ranges are part of the mountain chain which 
separates the Sepik drainage system from the coastal one. They comprise the Bewani 
Mountains and in the east an outlier of the Torricelli Mountains. They rise along a 
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series of fault scarps from the intermontane lowlands and consist mostly of three 
belts: a zone of foothills 0.5-2 miles wide built up of soft sediments with moderate 
relief (Plate 3, Fig. 1); a zone of high broad ridges up to 3 miles wide consisting of 
more consolidated sediments including some limestone blocks; and a third zone of 
massive mountain ridges formed by basement rocks (Plate 3, Fig. 1; Plate 4, Fig. 1). 

The foothills are covered with tall forests with more or less open irregular 
canopies and normally with scattered lighter-toned crowns (Foi, Foid, Fid). Mid- 
height forests form the vegetation of the two other zones. Mid-height forest with a 
rather dark-toned, rather even canopy (Fm) occurs on higher crests and slopes where 
clouds gather in the daily atmospheric rhythm. Mid-height forest with a very dense 
canopy of irregular height (Fmci) is found on the lin~estone blocks. Mid-height 
forests with less dense canopies (Fmi, Fmi', Fmoi) cover most of the other land forms. 
The degree of canopy closure seems to be at least partly influenced by slope stability. 

The soils are mostly slightly to moderately developed, weakly acid to acid, and 
medium to fine textured; they range from shallow to rather deep. Locally, mainly on 
crests and upper slopes, occur strongly developed, strongly acid, friable deeper soils. 

(b) Climate 
The Vanirno area has a wet tropical climate with little seasonal variation in 

rainfall and temperature. The mean annual rainfall on the coast is 105 in. and 
decreases to 8&90 in. inland. The months May-October generally have less rainfall 
than the remainder of the year. This coast-inland rainfall gradient is interrupted at 
Ossima in the intermontane lowlands where the rainfall is slightly lower than further 
inland. This interruption is probably caused by the rain shadow elrects of the coastal 
ranges. The annual temperature ranges are minimal. The mean annual temperature 
is about 80°F with virtually no seasonal variation and the diurnal range is about 
14 degF. 

11. FOREST RESOURCES 
(a) General 

The Vanimo area is relatively rich in forest resources, approximately 90% of the 
land carrying commercial forests. This is mainly due to the low population density, 
both past and present, over much of the area and also to the relative scarcity of 
permanent swamps. The most productive and accessible forests occur on the fans 
(FodD) and on the better-drained parts of the alluvial plains (Fo, F, Fod). Areally, 
however, by far the most important forest (Foid) occurs on a variety of upland land 
systems with variable access. 

At the time of the survey, vehicular access within the area was limited to a few 
miles of road centred on Vanimo, the remainder being serviced by aircraft. However, 
most of the area would be accessible by roads following the better-drained parts of the 
alluvial plains and the adjacent foothills and fans. Although it is unsubstantiated by 
evidence, it is considered that the major rivers are generally not suitable for floating 
logs, except perhaps in their lower reaches. 

The external outlet for timber and timber products is obviously by sea, and 
although there is a dearth of potential harbours along the coastline, particularly in the 
east, Vanimo provides an excellent all-weather anchorage and existing port fac~lities. 
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(b) Regional Assessii7enf 

(i) Tl?e Coastal Plain.-This region is very low in forest resources and any 
exploitation of the small remaining areas of timber might well be achieved when 
logging adjacent regions. Access is generally good, more so in the western than in the 
eastern parts where a higher proportion of back swamps occur. 

(ii) ANuvialPlains ofthe Major Rirers.-Forests cover 90% of the alluvial plains. 
The forest resources are high, particularly on the better-drained terraces. Access is 
generally good throughout except for seasonal flooding, and the continuous network 
formed by this region allows easy access to inland parts of adjacent regions. 

(iii) Tl?e Coastal Ranges.-The forest resources of this region are high with a 
forest cover of 98 %. Access is variable. The coastal escarpment severely limits access 
from the north and elsewhere scattered occurrences of karst topography impose 
severe restrictions. However, from the south-east, access to the plateaux appears to 
be more feasible. 

(iv) The /nterti?onfane Lowlands.-This is the largest of the regions and is high to 
very high in forest resources. Forests cover 96% oC the region. Access could be 
gained to the region via the alluvial plains of the Pual and Bliri Rivers. Access 
within the region is good to very good in the west, where most of the forests occur on 
fans and alluvial plains, and moderate to poor in the east on sedimentary ridges and 
hills. 

(v) Tl?e Inland Ranges.-The forest resources of this region are classed as 
moderate to low generally, but locally high in the foothills zone where access is 
moderate. Elsewhere, access is considered poor to very poor, and nil on the massive 
mountain ridges. However, in much of this region the forests, both commercial and 
non-commercial, are invaluable for watershed protection. 

(a) Population 

The Vanimo area has a total indigenous population of 6400. This figure has 
been derived from the quasi-annual census of villages listed in the Village Directory* 
and located within the survey area. There are 50 villages unevenly clustered over the 
area (Fig. 5); hence the population density of 3 persons per square mile is not very 
meaningful except to show that this is well below the average for Papua New Guinea. 

There are three areas of population concentration: the coastal plain; the middle 
course of the Pual River and its tributaries; and the alluvial fans near Pagei. About 
45 % of the whole population lives on the coastal plain which occupies only 1 % of the 
survey area. The villages are situated 04 the beach ridges and are generally inhabited 
by 80-130 persons. However, Vanimo and Warimo villages are much larger, with 
400-500 inhabitants. Some of the coastal villages have been established only recently 
by people moving from the inland to the coast. This is indicated by the relatively large 
number of abandoned inland villages and also by the report of Marshall (1937), who in 

* ViUage Directory, 1968, Department of Native Affairs, Port Moresby. 
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1936 walked along the coast from Aitape to Vailimo and noted that the area between 
Serra and Vanimo was virtually uninhabited. 

Another 25 % of the population is centred around the middle course of the Pual 
River and its tributaries. The villages are perched on narrow ridge crests and 
surrounded by numerous coconut palms (Plate 4, Fig. 2). The population concentra- 
tion here seems to be due mainly to the abundance of sago which grows in the blocked 
tributary valleys of the Pual. 

Fig. 5.-Dislribution of indigenous population 

A minor concentration of population can be found around the Pagei Patrol Post. 
The people left their original villages which were situated in the mouiltains and settled 
in the vicinity of the patrol post. The rest of the population is scattered over the area, 
mainly along the reaches of the major rivers and their tributaries. 

The non-indigenous population amounts to about 60 Europeans, most of whom 
are living in Vanimo. They are engaged in governmental and mission activities and 
also in the timber industry. 
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(b) Land Use for Subsistence 

The present land use pattern in the Vanimo area is virtually the same as the one 
described by Fagan and McAlpine (1972) for the AitapeAmbunti area, except that 
because of the low population density there is little pressure on land. The present land 
use is restricted to subsistence agriculture which in general terms may be described as 
shifting cultivation. As in the Aitape-Ambunti area there is a preference for a cyclic 
rotation of clearing and cultivation within relatively well-defined areas of secondary 
vegetation (Fagan and McAlpine 1972). In the coastal plain there seem to be some 
gardens that are more or less permanently used. The main crops cultivated are yam 
(Llioscorea spp.), taro (Colocasia esculenta), sweet potato (Ipomoea batatas), bananas 
(Musa spp.), cassava (Manihot esculenta), and papaw (Cai'ica papaya). Some Euro- 
pean crops like maize, tomatoes, and pineapples are also grown in small amounts. 
Coconuts are abundant in all the villages especially on the beach ridges. 

Everywhere sago is an important part of the diet and in some places it seems to 
be the most important staple of all. It grows abundantly in the vicinity of most 
villages. 

IV. AG~ICULTURAL LAND USE CAPABILITY 

(a) General 

The approximate areas of land with dilrerent levels of suitability for arable 
crops (permanent cultivation), tree crops, improved pastures, and irrigated rice are 
shown in Table 1. It should be kept in mind that these figures are based on the overall 
suitabilities of land systems. Some land systems have a relatively uniform level of 
suitability throughout, but in many the suitabilities vary (often greatly) for different 
types of land within the land system. 

TABLE 1 
ARBAS* (sa MILES) WITH DEFERENT LEYBLS OF SUITABILITY 

FOR FOUR TYPES OF AGRICULTURAL ACTIVITY 

Type 01 Level of suitability 
activity Very high High Moderate Low Very low Nil 

Arable crops Nil Nil 435 169 505 1032 
Tree crops Nil Nil 354 745 449 593 
Improved pastures Nil 435 736 561 216 193 
Irrigated rice Nil 286 119 25 Nil 1711 

* The total in each row equals 2141 sq miles, the size of the survey area. 

Probably the most striking feature of the area is the absence of land systems with 
a very high to high capability for arable and tree crops and a very high capability for 
improved pastures. This is due to the unfavourable physical conditions of the soils 
on the topographically most suitable land which comprises the well-drained alluvial 
plains and undissected fan surfaces. On the fan surfaces it is also due to very low 
chemical soil fertility. The land use capability of this area is generally lower than that 
of the adjoining Aitape-Ambunti area (Haantjens et al. 1972) which, apart fro111 the 
soil factors outlined above, is caused mainly by the presence of large limestone areas 
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that have serious topographic limitations and little soil. Contrary to the general trend, 
however, the proportion of land with a high to low capability for improved pastures is 
larger, and that with avery low to nil capability is lower, in the Vanimo area than in the 
Aitap-Ambunti area. This is due to the lower proportion of very rugged mountain- 
ous and hilly terrain and because the adverse soil conditions are judged to influence 
pastoral potential less than that of other types of agriculture. 

(b) Regional Land Use Capability 

An agricultural assessment of each land system is presented in Part 111. The 
methods used were essentially the same as described for the Aitape-Ambunti area 
(Haantjens 1972) except that the land systems were placed into somewhat broader 
land use capability groups, the distribution of which is shown on the map of agri- 
cultural land use capability. The capability levels are shown on the map reference and 
a very brief indication of the nature of the land in each group is given here. 

Group 1.-This includes the undissected fan surfaces, the best-drained valley 
floors and terraces, and the beach ridge-swale complexes. Poor drainage is the most 
common limitation but low soil fertility is important on fan surfaces. 

Group 2.-Comprising mainly larger alluvial plains and terraces, this group also 
includes the small coral platforms and associated coastal plains. Poor drainage is 
generally the main limitation but alkaline droughty soils limit the suitability of the 
coral plains. 

Group 3.-The largest part consists of irregular generally moderately steep hill 
slopes on sedimentary rocks. The remainder is partly dissected alluvial fans with 
surface remnants and steep slopes. Topographic couditious are the main limitation. 

Group 4.-This includes hilly plateau-like areas on limestone and sedimentary 
rocks and uplifted dissected coral platforms with flattish surface remnants and steep 
slopes. While there are fairly serious topographic limitations, shallowness and 
alkalinity of the soils are probably equally serious problems. 

Group 5.-Most land in this group is low hilly with irregular moderately 
steep to steep slopes on mudstone, the major limitations being in the physically poor, 
commonly shallow, and locally alkaline soils. Also included are some irregular 
mountain slopes with better soils. Unstable slopes pose risks throughout this group. 

Group 6.-This comprises low-lying poorly drained plains with probably very 
fine-textured slowly permeable soils. 

Group 7.-Comprising steep hilly country on variable sedimentary rocks; 
limitations are mostly of a topographical nature but also lie in rather shallow and 
slowly permeable soils that in some cases are alkaline. 

Group 8.-This consists of very steep hilly land on sedimentary rocks and 
fanglomerate (strongly dissected alluvial fans). Steep irregular topography is the main 
limitation. 

Group 9.-This comprises mainly high steep hill ridges on clastic sedimentary 
rock, limestone, and, locally, igneous rock. Some lower ridges with unstable slopes 
are also included in this group. Soil limitations occur particularly on limestone and 
mudstone. 
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Group 10.-Consisting of various kinds of freshwater swamps, this land could 
be made inore productive by reclamation, but in luost cases this would be costly and 
the heavy clay soils might remain an uilfavourable factor. 

Group 11.-Part of this group consists of generally high hill ridges on clastic 
sedimentary rocks, with either very steep or very unstable and slumped slopes. The 
greater proportion of the group comprises rugged limestone country of variable relief 
and with shallow soils. 

Group 12.-This comprises mainly very rugged mountainous and some high 
hilly land on igneous and sedimentary rocks. Also included are small, highly unstable, 
swampy flood-out plains. 
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PART 111. LAND SYSTEMS OF THE VANIMO AREA 

By E. L&PLER,* P. C. HEYLIGERS,* H. A. HAANTJENS,* and J. C. SAUNDERS* 

I. INTRODUCTTON 

In the Vanimo area 39 land systems ranging in size from 3 to 229 sq miles have 
been distinguished and described. A land system is defined as "an area or group of 
areas throughout which there is a recurring pattern of topography, soils, and vegeta- 
tion" (Christian and Stewart 1953). Land systems show characteristic recurring 
patterns on air photographs and their boundaries are basically determined by photo 
interpretation of land form and vegetation (Mabbutt and Stewart 1963). The method 
of describiig the land system is essentially the same as that used by Haantjens et al. 
(1972) in the adjacent Aitape-Ambunti area. It replaces the tabular description of the 
land systems in terms of land units previously used by the Division of Land Research 
by a more detailed description without the formalization of land units. A detailed 
account of this method is given in Haantjens (1968) and Haantjens et al. (1972). 

Each description gives information on land forms, terrain parameters, streams 
and drainage, geology, vegetation, soils, population and land use, forest resources, and 
agricultural and engineering assessments. The descriptive terms used are defined and 
explained in Appendix I. 

The land systems are arranged in eight groups representing the major geo- 
morphic categories. The order of the groups and the land systems within each group 
is mainly based on geomorphic criteria (Table 2). 

The Vanimo report is to be regarded as a continuation of the Aitape-Ambunti 
report; the land system boundaries between the two areas have been linked up 
(discrepancies occur because of dilferences in the available base maps) and mapping 
has been made as consistent as possible. Eighteen land systems of the Aitap~Ambunti 
area also occur in the Vauimo area. 

To illustrate the land systems stereo pairs have been selected. Because of the 
small scale of most of the air photographs a stereo pair generally covers several land 
systems and therefore only 16 plates are used to show examples of 39 land systems. 
Some land systems are shown on more than one plate; if the occurrence is only of 
minor importance the land system is not mentioned in the description of the plate. 
North is always to the right of the photograph. 

C-STTAN, C. S., and STEWART, G. A. (1953).4eneral report an survey of the Katherine-Darwin 
region, 1946. CSlRO Aust. Land Res. Ser. No. 1. 
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(1972).-Lands of the Aitape-Ambunti area, Papua New Guinea. CSIRO Aust. Land Res. 
Ser. No. 30. 

Mansul~ ,  J. A,, and STEWART, G. A. (1963).-The application of geomarphology in resources 
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22 E. LOFFLER ET AL. 



Broad ridges with 
moderate side slopes 
Very steep hills 
Strike ridges and Moderate-high 
hogbacks 

Broad mountain ridges High 

Marl, mudstone, and 
siltstone 
Siltstone and sandstone 
Siltstone, sandstone, and 
conglomerate 

Siltstone, mudstone, and 
sandstone 

Foid 21, Puive 

Miocene-Pliocene Fmi, Foid 22, Numoiken* 
Foid, Fmi 23, Musak* 

Miocene R-FRIMR 24, Flobum* 

Slumped mountain ridges 
Asymmetric mountain 
ridges 
Slumped and gullied 
mountain ridges 

Fmi, Fmoi 25, Piore 
26, Wuro* 

Eocene-Miocene 
Miocene Siltstone, sandstone, and 

conglomerate 
Siltstone and sandstone Eocene-Miocene Fmi, Fmi' 27, Snlen* 

Hills, plateaux, and 
mountains on mixed 
sediments wlth 
limestone dominant 

Fine-grained pattern Low 
01 ridges 
Irregular ridges with 
short spurs 
Dissected plateaux Low-moderate 

Limestone, mudstone, and 
volcanics 
Limestone, sandstone, 
siltstone, and mudstone 
Limestone, siltstone, and 
mudstone 
Limestone, siltstone, 
mudstone, and volcanics 
Limestone, marl, 
mudstone, and siltstone 
Limestone and sandstone 

Limestone 

Fisd 28, Ijapo +. 

29, Punan 
k 

Foid Z u 
30, Limio V) 

2 
31, Jassi 8 z 

V1 
Foid, Fid 32, Oenake 

Plateaux with hilly 
surface 
Coarse-grained ridges Moderate 

Eocene 

Eocene-Miocene 

Miocene 

Pleistocene 

Ridges with broad crests Fmoi, Foid 33, Barida* 

Foid, Fisd 34, Musu Hills and plateau 
on limestone 

Uplifted coral reef Low 
platforms 
Karst hills 
Plateaux and plateau High 
remnants 

Pliocene Fisd, Foid 35, Kohari 
Foid, Fmci 36, Serra 

Hills and mountains 
on igneous rocks 

Finely spurred steep 
ridges 
Isolated hills and ridges 
Massive mountain ridges Very high 

Granodiorite, gahhro, 
and diorite 
Gabbro and volcanics 
Granodiorite, gabbro, 
and diorite 

Basement Fmoi, Fmi 37, Kum 

Fmi 38, Mup* 
Fmi, Fmoi 39, Somoro* 

*Also occurs in the Aitape-Ambunti area. 
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(1) MADANG LAND SYSTEM (8 SQ MILES) 

Land Forms @late 51.-Fist to gently undulating raked coral On the coastal plaio nrnr vnnimo that is covered with beach 
platforms and coastal plains an  coral Limestone, gonorally rising sand and alluvium, occur undcvclopcd, weakly acid, vow deep 
"err gently from the sea except cast of Vanimo where r 6-ft-high roils. They are imperfectly drained, rnadcrafdy permeable, and 
cliais devclomcd. On the seaward sidea belt of coral reef c. 300St fine- ovcr cmrrsc-tcirfured near the coast and ~ o o r l y  drained, 
wide slightly raised above high tide separates coartai plain from 
open sea. 

Terrain Parameters.-Altitude: 0-45 ft. Relief: nil (1.5 ff). 
CharactezhLic slopc: vsry gentle (19. Grain: -. 

Seeama and Drainspe.-No surface drainage cxccpt where larger 
streams cross coastal plain as allachtonous streams. Wcll drained 
by subtciraneao drainage. 

Geology.-~ecenf coral-dorivcd beach sand and alluviunl over- 
lying coral limestone. 

Vega1ation.-Origioal vegetation of tall forest P o l  now covers 
only 17% of Land system and has been largely replacod by 
secondary vcgctation, ranging from gardsns to old secondary 
forest (R-FR). Locally, on exposed coral limestone shores, 
Penz~l~:s ncidulo may form scrubs up to I5 ft  tall. 

Soils (4 obs3.-On coral platforms, very stighfly dovdopcd. dark, 
strongly alkaline, moderately rhallo,", very rapidly gcrmcable, 
coane-textured soils. Nitrogen contents high to madcrate. 
phosphate "cry high, potash 10,". 

. . 
slowly pernieable, and hc-textured further inland. NiMgen 
contents moderate to low, phosphale contents lo,", and potash 
contents moderate. 

Population and Land Use.-Population of 1344 distributed over 4 
villages. Large parts offhe l a d  system under present use. 

Forest Resources.-Vcry low. Very high stockins rate forwt (Fo) 
covers 17%. mainly in thc north-eastern part. Access vew good 
t~oughouf .  

AgTic"lt"rurs1 hr.srment.-Overall capability moderntc for arable 
craps and lo," for imigafed rice. Coral platforms have only low 
suitability for arabic crops and tree croils and moderate capabilily 
for improved pastures because of droughty and aLkalinc soils. 
Moderate suifabilify for trec crops only on better-drained ,,arts of 
coartal plains. Depending on degree of drainage deficiencies, 
these plains have high to modcrntc capability for arsbls crops and 
veiv high to high capability for pnrturcs. 

Bogineeriw As.ws~rmeot-Generally vlitnblc for rord con- 
strustion. Coral ~ l a t f o m  in  particular nould be very suitable 
for ailfreld construction. 

Soils on coral SP to SM and OM: sballow. Soilr an alluvitlm 
CH to CL vith local SM in tho subroil: very dacp to deep. 

Land Forms (Plates 6, 19)-A scqucnce, up to I500 ft ride, of ecological allies (SO-called "pcs-cnpme formation") form patches 
very low gently "ndulaiiog beach rid=- and nua1es. Narrow, of sand-binding vegetation on youngest beach ridges. Tali or 
gently to rnoderatoly sloping beach backed by a rhort steep slope mid-height farcnt with open canopy and with sago palms in 
to the youngest beach ridge which h about 6-9 ft  a.s.1. Single vnd~ntorey (FoM, FmoM), sago palm vegetvtian with emergent 
beach tidges are 60-180 ft vide, swsles 15-60 ft widc. Sxvaies trees (Mr), ar mid-hoight forest with an open irregular c v n o p ~  
pcrmancnlly or seasonally invndatcd in plat-. with pandsns and sago palms common (FmPM) oacculs in =\vales. 

Terrain Fanmefers,-u,ifude: 0-12 ft, Reti&: nil (6 ft), 
Soils (5 obs.1.-On frontal beach ridges undwcloped. weakly 

characteristic (27. train: -. alkaline to  neutral, dcep, rapidly permcable sandy soils, which 
are well drained exceat for some very law ridses with Cosr<orino 

streams and ~ ~ ~ j ~ ~ ~ ~ , ~ ~ ~ ~  swales sene lines but that are poorly to impe~fcctly drained. Fvrther inland occur 

have no gradient, They are fed ground as similar soils, neutral to weakly acid in reaction, showing very 
run-oEirnil. ~ ~ ~ ~ h ~ i d ~ ~ ~ ~ ~ t t h ~ ~ ~ ~ h i ~ ~ ~ ~ ~ ~ b ~  Ifffff drab. slight profile dcvclopment in  form of thick dark topsoil. On 

ing back .,vamps and plains behind them, Streams run freqvontly oldest tidgcs soil reaction becomes acid and lo~xoil  becomes 

to for some befarc breaking beach medium-textured. No drainage deficiencies observed in any of 

ridges to reach thc sca in 6&90-fl-wide brackish to salt-wattr 
tidRl creeks. 

Geology.-Rcccnt beach sand 

Ln swrles deep swampy soils, which mny range from 
undeveloped, akaline, rapidly permeable sands in youngest outer 
swale~ to weakly acid rails with dark ~ e s t y  ar loamy surface 

Vegetation.-Origioal vegetation of bsach ridges was forcst 
soils in older s~uales further inland. 

dominated bu c ~ l ~ ~ i ~ ~ l , , , ~ ~ .  ~ 1 1 ~ ~ i ~ ~ ~ t ~ ~ i ~ .  cerbern. ~ ~ f o r n r o r ~ ~  Soil nitrogen contents range from very low in leasl-developed ~. ~ . - .  - ~. 
and othea " ~ ~ ~ ~ i ~ ~ f o ~ i ~  formation..), but ir "ow to moderate in  mast-developed soils. Phosphate shows similar 
replaced by secondary vegetation, ranging from gardens and trend, from very low to  low. Potash data show revcrse trend, 

coconut plantations to old secondary forests (R-FR), m d  from modcrate in  youngcnt to law in older soils. Some marked 

iocluding some mid-height grasslmds, "nually dominated by and unexplained dxerences in phosphate and potash cantsnts 

Ir,lperolo, often with scaltcrcd shrubs and low trecs M. compared with Nubia land system in Ailitape-Ambunti area. 

Near mouth of Bliri River a largc stand of tall open Casrrarbra Populstion and Lrod Use.-Population 1145 dislributed over 9 
e~uiseriloiia forest (Cs) occurs. Iporrroen pes-coproe and its villages. Present Land use covers nearly entirc land system. 
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Beaci~ ridges planted with coconut palms close to the sea and Drainage deficiencies in some swales and droupl~t risks and low 
xardened further inland. S~vnles ursd for ex~loitntian of saao. soil fertility on berch rldees are main limitations for arable croos. . . 

paor drainage and high p H  far tree crops. Moderate capability 
Porcst Resovrces.-Very law. A pure stand of low stacldhg rate f,, kIjgaigaied lice in 
Casr,nluin svviserilolia forcst (Cq) covering 12% occurs near 
mouth of Blki River. Elseivhhhh, scattered stands of moderate Enginsering Assessment ry suifrble for of roads 

rate forest covering '% 'Ie fo"nd in s'vales, parallel to  coast and also for airfreld construction, except lowest 
Amesn generally good, ~articularly along beach ridges, but ridges near Bliri zver, Bridging liver would be major obstacle 
seasonally limited in rwdcs. in coastal road linking Vanimo with Ailrpe. 

Agricdtur.1 Assessment.-Probably moderate capability for Soils mainly SP, but with thin OLsurface roils an inland 
arable and trcc crops, and high capability for improved pastures. ridges m d  in rwaler; very deep. 

Lsod Porms elatos 6, 19).--Coastnl back swamps loeatsd in front 
or steeply rising coastal ranges. Swamps 30004500 f t  nido and 
up to 9000 ft long, blocked by belt af beach ridges generally 
1200.1500 ft  and in one case 3000 f t  wide. Transition zonc 
bctwecn bcad, ridges and rwnmps is periodically dry. In areas 
whcre boach ridgos too narrow to map thcy arc included in this 
land system. 

Terrain Psramcters.-Altitude: 0 4  ft. R e l i e  -. Character- 
istic slope: nil. Grain: -. 
Sh-eamr and Drainago.-Slvamps connected with open soa 
through narrow owrfi0,u c1,anncls. O I " ~  to strong sand 
transport along coast that d~anncls often are only temporarily 
open. During periods of i~tonsivc rainfall back swsmps drain 
through these channels, during drier periods sea watcr flows into 
swamps. 

Geology.Sticky clay morging info bcach sand at sonward side 

V.getation.-Mors than halfcovered by mid-height forest, mostly 
with 0"s" irrcgularcthththpy, with pandam and sago palms "OImsImsIms 

(FmPM), and some with opcn canopy in which pandas  are 
dominant (FmoP). Aquatic hcrbaccous vcgctation (In and 
mixtures ofNy~nnnd  sago palms W/M) inncrmrnentlvinundated 
situation., and sedge vegetrtion With scattered "mdans 0 in 
friogins periodically dry areas, farm the other components. 

s a l s  (2 o~~.) . -vc~Y drained to swamoy, and woak~y acid 
mostly undcvclopod, modorafcly deep, very slowly permeable, 
very fine-textured: in wettest parts permanently submerged rnd 
covered with organic muck. Low in nitrogen, modeiate in 
phosphate, but high to very highin potash. 

Io transition zone to bcach ridgw occur slightly dcvclapcd, 
madcrately permoablc, modium- over coarse-textured soils with 
thick dark tollsoil, vhich have moderate nitrogen content, u e  low 
in phosphate, low to very low in potash. 

Papulrtioo and Land USE.-One village, 110 people, situated on 
narrow bcach ridge blacking thc back swamp. Sago palms in 
Leitrc oxploifod by po~uiation living on Nubia (2). 

Farcst Resourccn.-Nil. Acccsn nil. 

~ri"ulfuralhsessment.-Innhiural state onlv verY1ow callabili* 
for improved pastures and moderate capability for irrigated rice. 
Drainageimprovement by land reclmationwouid be very difflculf 
and co.t1y. 

Enaeering Assessment.-Should be avoided as much as possible 
for load construction. Any lords should be built up %bow 
inundation and flood level and provided with culvens. 

Soils mostly CH, with soma SM and SP, and lacslly OM 
surface soils; very deep. 

~ m d  ~ ~ r m s  (plate I I ) . - F L O O ~ - D I ~ ~ ~  swamps occurring in valley 
floors, thr drainage of which has been blocked by stconsly 
aggrading main rivex. 

Terrain Parameters.-Altitude: 15-300 ft. Rclicf: -. 
Charactcristicslope: nil. Grain: -. 
Streams and Drsinaze.-Swnnps partly drained by creeks 
meandering in valley lloar. Creeks h l 2  i t  widc, 3-6 ft  dcep 
contain dear, nearly stagnant water showing that they do not 
mode but arc lncrely drainnge lines. S w a m ~ s  inundated to at 
least 0.15-1.5 ff for probably all ucar. 

G",lology,-Recent clay a d  peat. 

Vcgctation.-Mosfly sago palm vcgotztron (M), locally with 
cmcrgent trees (Me) a d  Ho,l*r,o?,".dominated herbaceous 
vegetation (H) where inundation is deep. 

Soils (2 obs.).-Probably similar to those in Pandago (5). In 
vdlays with hcrbaccous vegetation occur permanently inundated 

neutral peat rails, partly poorly, partly well decomposed, covercd 
by or alternating with layers ofroft  clay. 

Po~ulatian and Land Use.-No population, but area extensively 
used for exploitation of sago, su~olying most of population near 
osrima. 

Porpst Resonrccs.-Nil. Access very poor to nil 

amic,,ihxal hsessment.--10 nntural s t a e  only very low crprbility 
for improved pastures, low cr~rbi l i ty  for wct rice. Some valleys 
totally unsuitable far ngriculture but could possibly be used far 
consfruction of fish ponds. Land reclnmrfion difficult and costly, 
and would not result in hig11-quality land because of very clavcv 
roi1r. 

IIngrnccring Assessm~et.-Should and can be avoided for road 
consfmction. Soils CH and somcPi: very deep. 
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Land Forms (Plate 6).--Flaod-plain swamps developed in atiuvirl 
plains of major rivers. 

TorrsinParamet~rs.--Altiludc: 10-15Oft. Relief: -. Chnrrct- 
eristic~lope: -. Grain: -. 

Streams and Drainage.-NO organized stream network but somm 
shallow channels drain snmmps mainly s t  times of high water 
SUPPLY. 

Geology.-Recent alluvium. 

Vegetation.--About two-thirds covered with mid-height forest 
with open c r n o " ~  wifh sago ~ r l n ~ s  in understorey (FmaM), 
remainder sago palm vegetation with emergent trees (M4. 

soas (1 obs.).-Undeveloped, neutral, moderately dccp, "cry 
poorly drained, very rlorvly permeable, and line.teatured. 

Althoush innodated durlm wet reason, rvrfer-fables can fall to 
depth of 6 7  ft  during drier soason. Soil nitrogen contcnts 
moderate, phasphnie moderate to high. potash high to very high. 

~ a ~ u l s t i a n  and ~ a o d  use.--~o population, but area important 
supplier of sago to nearby villages. 

P o m t  Resources.-Very law. Low stocking rate forest (FmoM) 
covers 64%. Access poor but may be possible during part of dry 
ssason. 

Agrie~~lt~!rsl Assessment.--Low capability for improved uasturu. 
moderate capability far wet rirc. Land reclamation difficult and 
costly, and would not result in high-quality land bccause of very 
clayey soils. 

Engineering Aasersmeot.-Should and c m  be avoided for road 
construction. Soils CH: very deep. 

Land Forms (Plate 71.-Unstahlc flood-out plains and h o d -  
plaios near Bewani Mountains front; pronovnced micrarelief up 
to 3 If. 

Terrain Prrrmcfcrs-Aitiiudr: 150-270 ff. Retiel: d (3 It)' 
characteristic slopc: low gradicnt (0 : 1000). Grain: -. 
Streams 2nd Draioaee.-Highly unstable drainagc wifh changing 
channels, one area with no organized drainage. Subject to 
frequent flooding. 

Geolaey.--Recent alluvium almost wholly calcareaur indicating 
very recent deposition. 

vcgctatian.--Original forest largely destroyed by 1ecent severe 
flooding rnd doposition of sandy redim~nfs. c o m m o m s s  of 

( 1  survived) sago "alms cavld lead to establishment of sago 
palm vegetation (M) when frequency of naodmg diminishes. 

Soils (1 obs.1.-Completely undrueloped, alkaline m d  calcarsous, 
very deep, swampy to  very poorly drained, but moderately 
pemenble and medium-textured: very low in nitrogen, low in 
phosphnfe, but high in potash. 

Population and Lnod Use.--Nil. 

Fo r~s t  Resa?rces.--Nil. Accerr very poor owing to unstable 
drainage rnd frequent Rooding. 

Agricultural Asncsrment.-No agricultural catlability in nntural 
sfate: land reclamation very difficult and castly. 

Engineering Asrc~smeot.Should and c m  be avoidod far road 
construction. Sails stratified, nlninly CL and IML; very doep. 

Land Wrms (Plates 8, 9).-Valley Boors, 300-1800 ft  widc, along 
smaller and medium-sized streams; consisting generally of 
150-900-ft-widr flaod-plain, and onc to three terraces of variable 
width. Flood-plain includes snirll scroll plains and Rood-plain 
terraces. Loweesf and geoerrll~ most extensive Lerracc is 15-30 ff 
above flood-plain, middle and upper terraces 30-60 ft  above 
Road-plain. Terraces dircontinuous. 

Terrain Parameters.--Alfilude: 30-600 ft. Relief: nil (3 ff). 
Characlerislic slope: very gentle (20). Grain: -. 
streams sod Drainage.-Flood-plains regularly flooded during 
main rainy searon, terraces are ,"ell above high-water mark. 
Terraces dissected by widely spaced stecp-sided gullies, 5-15 f t  
deep, 9-12 ff wide. Gradients of rivers between 1 : 30 and 
1 : 200. 

Geology.--Alluvimn overlying mudstone. 

Vegetation.-Tall f a r m  nith ro open, rather snmll-crowned 
cmopy with scattered light-toned crowns (Fosd). 

Soils (7 obs.).--On terraces above llood l en l  mainb undeveloped, 
deep to very dccp, rvsll-drained, moderately ~enncabl. and 
medium. ta line-terturcd, or sio,,.1y permeable and line-tcxhlrcd 
soils, neutral to weakly acid on middlc tcriaces, acid to weaklv 
acid on higher terraces. Nitrogencontents low, phosphate 1 0 % ~  to 
moderate, potash moderatr fa high, with highest valvcs in least 
acid soils. 

On scroll plaios and flood-plain teiraces soils probably similar 
to those in Pual (10). 

Population and Land Use.-Nil. 

Forbrest Reraurces.-High. High stocking rate forest (Fosd) covers 
93%. minor areas of high (Fod) and moderate stockkg rats 
forest (FoM) cover 2%. Access good throughout except,during 
periods of limited flooding and on minor areas of poorly drained 
soils. 

A~culturural As.essment.-High capability for improved pastures, 
moderate capability for arable crops, free crops, irrigated rice, 
Very good-quality land on many terraces; on h o d - p l a b  
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capability reduced to moderate or nil, depending on severity of road connections. Only small fo medium-sbrd bridges required; 
flood hazards. Rather high roil pH and local poor drainage construction of low-level Road-way crossings would be possible. 
reduce capability for tree crops. Flooding and rather braken Soil materials generally of law suitability for road construction; 
nature of terraces restrict suitability for wet rice. sand a d  gravel do not appear to be available in large quantities. 

Enaioeeriog Assessment.--Only minor topographihic obstacles to 'Oils CH to m, 'Ome CL. locauy ML and SM in 

road-building; location of some areas favourable for rc~ionsl deep. 

LaodI?om(Plares 13, 14)-Flood-plains andriver terraces up to Soils arc moderately dcep to very dccp. moderately to slowly 
1 milewidedeveloped rlanglarger rivers. Flood-plainsconsisling pcimcable, and senerallv imperfectly draincd. Few soils are 
of meandering channels, scroll plains, and Aood-plain tenaces are poorly drained, while younsesr soils tend to be wcll drained. Sail 
generally 900-1500 ft  wide and bounded by wcll-developed texture generally fine. but some mrdium-textured soils and coarse- 
terraces. In most arcas only onr terrace observed rising 6-15 ft textured subsoils alra occur. Consistently h- textured soils on 
abovr flood-plain. Where lowest terracs is extensive it is also wider, plain-like terraces. 
I I i l  I . .  I I I r e  3 - 4 5  c y ,,,s,C,,, ;,,nrr ,,,. leu to ,,,,., i.r,,,c; l l a f C  ..o,llrnR 
I :  I l l :  . ' r e  I :  I v I i ly ,  h,,l .o,l%, ,,,,, IC rx,c ,,, nC ,,,,, 1 
r<iiriup tu I 5 n nl l l i  ,*le . n l r ~ c d  by ~hlllou c l l n l o l ~ l r .  W ~ I I : I Y  , i , d  \ I I ~ I ,  ~ e l y  ~.ari~illc in nl:ll,or i,ll-: p~r,.rll iw~u~lerat~ 

Psrameters,-Alfitudc: 120-500 Relief: (, .5 to VCIY high in wcakly acid to alkaline roils, low in acid soils. 

Cbarvcleri~tic slope: very gentle (0.57. Grain: -. 
~onulstion   and use.-~apulation 737 diitribvtcd over 7 

S e e m s  2nd Drabape.-Flood-plain8 regularly flooded dvring villages. Land use negligible. 
rainy reason buttenaces are abovehi&-water level. Flaod-plains 
and tenaces drained by shallas creeks. Edges of terraces ~~~~~t ~ ~ ~ ~ ~ r c e s . - H i g h .  very high stocking rate forests @ and 
dissected by stccp-sided gdies.  Po) c m  34% (24% and 10% res~ectivcly), high stacking rate 

forests (Fod, Fan, and Fasd) cover 43% (30%. 9%, and 4%). 
Geology.-Reccnt alluvium. and low stocking rate forest (Fmo) covers 4%. Distribution of 

veeetati on,-DseIsinthree jjjjjjjjjj =, In theeast along forest described under Vegetation. Access generally good but 

Piore Ri vcr, tall forest ,vib open ca (Fo), and on may he hampered on flood-plains by flooding a d  in minor 

scroll .lains. scra~ staces deve~ooina from cane-grass vcgotation by paor drainage. 
~ ~ ~ - 

(GfIPmo). 

In the central part along Serer1 and Bilia Creeks, tall forest 
Agri~ulhlrai Assessma~t.--High capability for imoroved pastures, 

witl, canopy scattered Bghl-fancd cro,v nl (Fad) is the 
modcratc far arable cro~s and irrigated rice, low for trce "oPr. 
Flooding rondcrs narrow stretches along major streams a1mart 

major forcst type, wit11 smaller-"owned forosts in upper 
leaches (Fosd) and on somr ill-drained terraces of Seicri Creek 

useless for develapmcnt and drainrgc deficiencies are mhior 
limitation. Rafhcr high to  very high soil p H  is common 

(Po,), and mid-height forest with rather open canopy (Fmo) in hazard for tree Gullies sufia ce 
upper reaches of Bitia Creek. 

on torracw reduce capability for arable crops and irrigated rice. 
In the west along the Pulan River, tall forest with mather closed 

canopy (F) covcrs most of land system; tail forest with rather ~ ~ ~ + ~ ~ ~ r i ~ ~  ~ ~ ~ ~ ~ ~ ~ ~ ~ t . - ~ n i ~  topographical Si fv t ions  
open canopy with light-toned crowvnr (Pod) and sera1 stas- for road and favourably located for rcgionsl road 
(GfIPma) occurs further downstroan,. C O M ~ C ~ ~ O ~  inland botxveen Vanima and Aitnpe andlor Lumi. 

Soils (s obs,).-on rcroll plains terraces probably Bridge construction wavld he  a majar cost item but clleaPer 

%Milac to tl,osc of Pual Soils on lower alkaline, 
b\v-lel"el Boad-way crossings appear suitable. Soil materials 

be calcr reou s; on uppar terraces usually weakly 
~sncmlly of Low suitability for road construction. Only l a f e d  

acid or weakly acid to acid. This trend of incrensing acidity is due amounts of and hard grrvol in beds. 

t o  increased leaching, first of then 01 soils CH. MH, CL, with some ML m d  SM in subsoils and near 
cations. withincreasing age. Nearly ailsoils areunddddlop~d. strcsms: nearly always vory deep. 

Terraio Paramctcra.-Altitude: 1 5 J 5 0  ff. Roliol: nil. 
Characteristic slapc: nil. Grain: -. 
streams and Drainagc.-Frobably ili-dehoed pattern of small 
shallow wash-caursos with intcrmittcnt Raw. L a g s  parts seem 
subject to floodins. 

Geology.-Alluvium. 

Vegetation.-Tall forest with open canopy with sago palms in 
vnderstorey (FoM) coveis about 50%. About one-third carries 
tall forest with open canopy with scattered light-toned crowns 
rnd sago palms in understorey (F0dM) and the rcmninder, east 
of the l o m r  course of tho Pual River, has tall forest with rhthor 
open small-crowned canopy and dense undcmtorey (FosD). 

Soils (0 obs.).--Probably intormcdiniein character betweeen poorly 
drained soils of rlluvial plains of Pual (10) and very poorly 
drained clay soils of Pandago (5 ) .  



Populntion and Land Use.-Nil. Impedod drainage and seasonal inundation are major limitations. 
 and reclrmrtion probably difficult and costly, but could lcad to 

Porest Resources.-Moderate. Moderate stocking rate farests moderate to high capability for arable crops and very high 
(FaM and FodMl covor 87% (52% and 35 %) and high stockins ca~abilitv far im~roved oustures. Hiall OH and hiph clay content . . - ~ 

rate forest ( ~ o s D )  covers 13%. Access only moderate, most of cvcn reclaimed land nor very raractivc for tree mops. 
land system having poorly to very poorly draincd roils and being 
subjcct to rcsular flooding. ~ n ~ i n ~ ~ r i n g  Assessment.-Roads ,vill generally have to bo iaiscd 

to   re vent inundation and much attcntion needs to be given to 

~ ~ ~ i ~ ~ l t ~ ~ ~ ~  A S ~ ~ ~ ~ ~ ~ ~ ~ . - P ~ ~ ~ ~ ~ I ~  very iorv for arab~c road-side hainage. 
crops, moderate for improved pastures and for irrigated rice. Soils mainly CB, probably some MH and CL: very deep. 

Land Forms (Plates 6, 7, 9, 14, l9j.-Erfeosivc alluvial plains 
developed along major rivers, consisting of r recent flood-plain, a 
wide alluvial plain (also callcd lower terrace, if it b lowest of a 
sequence of terraces), and onc or two terraces. Flood-plrio 
includes meandering rivers, cut-off moandcr tracts, numerous 
scroll plains, sand bars, and flood-plain termccs. Main river 
tracts nlortly 250400 f i  wide, flood-pllains 300-2000 ft wide. 
Flood-plains 4.5-8 ft  above lo~v-water level. Alluvial plains or 
terraces arc bctwzen 150 and 2000 ft  wide, tie 5-8 f t  above flood- 
plains, and seem to be slightly abovc normal flood level. Middle 
terraces, 3-6 ft  above lowei terrace, are 600.900 ff wide and ars 
not covered by floods. Upper terrace, 18 ft abovemiddlc tcrrnce, 
was ohservcd at one Locality only, and it is not known if it occurs 
legularly. 

Terrnio Parameters.-Aitittdd: 12-560 ft. KelieE: nil. Charactcr- 
istic ~lopc:  low gradient (1 : 000). Grain: -. 

Poorly to "cry poorly drained soils, often very he-tortared and 
slawvk to very slowly pcrmcabls are locally common. 

onsmall lo$"er terraces are neDtral ndl-drainedrails orwriable 
deuth, mainly coarse-textured and rapidly gormeuble, pvrUy 
mcdium-textured and moderately permeable. Middle terraces 
have weakly acid or cvcn acid, dsep to very deep, wcll-drained, 

. .  . . .. 
modcratcly deep, imperfectly fa very poorly drained, very slowIy 
pcmmcblc, very fme- to he-textured. creator acidity and soil 
devela~menf indicate long period without agsradafion. 

Isolated occurrences of Pual along coast have weakly acid, or 
alkaline and calcareous, moderately deep to decp, impcrfcctly 
drained, slowlv pc.",cable fin-textured soils, m a w  subject to 
flooding. 

Nitroeen contcnts lo\? onmiddle and high terraces, moderate to 
Streams and Drainage.-Two main sfreams travcrrc alluvial low on plains and iowsr terraces, Loiv or even "em law on 
PI- in widsly spaccd monndors. Bcds arc 240-360 ft widc and ,,,u phosphate contents laxv to high on alluvial ~lainr.  
contain s c a t  amount of gravel and sand. Plains drained bv I,," ., ,,,u and midd~c terra-, modcrate to low on 
videly spaced shallow streams m d  small chanoels, about G 9  ft  tea aces, ontent mostlyj,igh, 
wide and 3 ft deep. Charneb are mostly intermittent in flow and 
are probably largely fed by run-off fro* slowly pcrmcablc soils. pODuis~ion and ~ = , , d  ~~~ . -Popu lu i ion  1567 distributed ovcr I5  
Flooding occasional and of restricted accurrcncc. villages. About 2 3  % of area is used far gardening. Popvlafion 

Goaloc v,-All uvium, stratsed clav. silt. and rrauel. cisher also uses Pandago (5), if if is adiaccnt, for sago collecting. .. .. . . - . 
derived directly from igocous and redimcntaryrocks in tllcprescnt 
catchment area or representing rc-transported fan material 
0rigi"ating from cxtcnsive fans that once covered most of the 
intormontane lowlands. 

vegetation.-Cme grass, often with scattered trces, and sera1 
stages leading to rnd including mid-height fo r a t  with rather open 
canopy (GtIFmo, Fmo) cover bars, banks, 2nd flood-plain 
terraces. I" vpper roaches of Puwani and Bewanl Rivers this is 
replaced by Co.""o~i,,ino c,rnningli"nii",,<,-E~~~"Iyptt,s degi,,pto forest 
(CB) oor ifs sera1 stages in which Cnsr<~linn is prcdominanf. 

The maiD tvpc covering more than h d f h  tall forest s i t h  rat11cr 
open cmopy (Po); flooding occun very rarcly if at all. Next in 
imponance is tall forest with opcn canopy wlfh scattered light- 
toncd crowns (Pod), indicating some degree of Uooding. Tall 
forest vith rather open small-crowned canopy (Fos) occurs in 
some areas partly enclosed by ridges. 

Soils (32 abs.).-The great majority of soils are undeveloped. 
Scroll flaod-plah have alkaline and calcareous, deep to very 
deep. mainly wcll-drained but locally poorly drained, moderatcly 
permeable soils of medium to h e  texture, rametimes with coarse- 
textured subsoils. o n  alluvial plains and lower terraces soils are 
mostly neutral, sometimes weakly alkaline to rkal ioe or weakly 
acid, deep to very deep, well to imperfectly draincd, and 
moderately to dowly permeable with medium to fine, rarely very 
fine textures, but fairly commonly vith caarse.texlured subsoils. 

wrest Resources.-High. Very high stocking rate forest (Po) 
cavcrs 56%. high stacking rate forests (Fed, Fa)  31% (28%. 
3%). and low stacking rate forest (Fmo) 4%. 

Areas of Cusuorba c,,2,,,br~~~or,ti"no-E~~~~1ypt111 d1~11&7!,, foiest, 
although not now classed as cammcrcial (trees t 5  f t  girth), 
may ,"ell be roam because o f  rapid growth of euca1mts. access 
considcrod goad throughout except far minor limitations imposcd 
by small areas of uoor roil drainage and variable frequency of 

A ~ ~ i c ~ ~ l t u r a l  Asscrmcot.-Overall capability probably high for 
improved prsNres and irrigated rice, modcrate for arable crops, 
low for tree crops. Flooding is serious limitation in only small 
areas a1ongmajortiveo a d  near coast. Drainage deficiencies are 
main limitation, particularly for tree crops and least for pastures. 
RatherhishpHandlocally limited sail depthareaddedlimilations 
for tree craps. B a t  land is on well-drained, less clayey but 
commonly rather infertile soils on lower and middle terraces and 
parts of flood-plain. Drainage improvement by land reclamation 
might be rathcr difficult and costly, or berather ineffective because 
of slow soil permeability. 

Eogioeering Assessment.-Topographically very suitable for road 
co~truct ion.  By virtue of its distribution Pual deserves special 
attention in planning of regional road connections. Bridging 
larger rivers would be costly and could involve foundation 
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problems. Loa-level floodway crossings would be suitable for sravellv soils are likely to be common. Except for lowermost 
many streams. Adequate randride drainageneeds to be provided, stretches, river beds arerichin hard gravel. 
and roadways might have t o  be slightly raised in  places fa reduce Soils mainly CH, MH, and CL, with ML, SF, SM, and GS 
or preventflooding. Most soilsarenat veryruitsblc or unsuitable common in subsoils on lower and middlr terrilcs. and in scroll 
as road-building material but subsurface svpplies of sandy and plains: very deep. 

Land Forms (Plates 7, 10, l4).-Extensive flat to very gently 
sloping alluvial fan? and fan rcrnnaots mainly along north front 
of Bcwani Mountains. Some slnallcr intcrn~anfanc fan remnants 
also occur inmountainous areas. Gradient of fansin most cases is 
Ir-r ,trcp ~h.81 gr. Jii'ncs .,I pre.m$ rner.. l h u i  rrl~fivu llcl:llt I i 
i m  d r . ~ ~ c ~ \ e .  rrnlu fn.311 lion, s lcre  it r- , 100 O 1.3 n i l  ~ ~ i ~ i l l  

i r t m f  t,l>trc 8 ,  ,> I S  ft les>. I,, s < ~ m e  ~ r m  r , , ,~  n n ~ r x  wtt ,  rc.tnt . 
flood-plains. At least two distinct lo.sls of fans can be rccognirsd 
on photos. Ground obscivations show that thcrc arc more 
lovc1. but as they differ by only a fen feat tho7 camot  bc traced 
on air photos. Closed depressions are frequent where fans are 
extensive. The fans are bound by very steep short marginal 
slopes. 

Terrain Parametors.-Altitude: 300-600 ft. Relief nil (3 ft). 
Characteristic slope: very gcntle (17. Grain: -. 

Stroams and Drainage.-Fans mostly ill drained; large areas 
with no drainage have resulted in numerous swamps, the larger 
ones of which have been mapped as Nabs. (14). Only main rivcrs 
drriaiog mountains have cut into tho fans and cross fhom. These 
main streams have very fcw short tributaries from the fan areas. 
Some gullis. occur at the margis but have nowhere cut back 
significantly. Gradients of Lhroogh-going rivers are Pulan 
1 : 250, Puwani 1 : 130, and Bewani 1 : 125. 

GaolowStratifiod partly cross-bedded sill m d  sand layers with 
some gravel beds unconforn~ably overlie blue-grey mad and 
mudstone of Pliocene age. 

Vegetation-Largely tall forest with open canopy with scattered 
light-tonod crowns and dense understorey (FodD); similar but 
smaller-crowned forest (FosD) in very badly drained areas 
comprises about 30% of land system. 

Tall for& ".ith irregular canopy with or withouf scattered 
light-tonod cro"."s Vid, Pi) and mid-height forest with irrcgu1ar 
canopy @mi) occur on intermontane fan 1emnants. 

Soils (12 obs.1.-On fan rurfa~cn sails tend to become more 
developed from soutl~ to nor!, away from the mountain front, 
although this is by no meam precisely related t o  dirtnncc. Further 
from the mountains soils are very strongly dcvclopod, strongly 
acid. deep to very deep, well draincd, fino-textured, moderately 
permeable, and have in romc cases a coarser-textured surfnce 
Ieyer. On middle fan scctors soils are less strongly developed, 
commonly less acid, and generally rlo~5~ly permoablc and 
impcrfcctly dlaioed, tending to have morc pronounced coarser- 
texmred surface soil. In an example of two diaerenf fun levels, 
with only a few feet diffcrencc in height, soil an higher surface 
was mucll more developed than on lower rurfurfce. 

c1as.3 to mountain front three diffcrcnf soils were observed: 
61stl~. an undeveloped, %~eakly acid, rapidly permeable, moder- 
ately deep sailwithmedium- overcoarsblextured layers indicating 
thot some fall doposits near mountain front are very youog 

indeed; secondly, and probably most representative, a moderately 
developed acid soil in which texture changes from fine t o  coarse 
with d c ~ t h :  thirdly. B nearly draincd. sloxvlv ilorrneable. very 

soas om very S I O ~ C S  are likely to be sinli~ar to 
thorc in Pvnwep (131, although slightly devolopod and un- 
dcvclopod soils arc probably more common. 

Nitrogen contents generally low, ranging from very 10," to 
moderate. Phosphate and potash very low on fan rurfaew. 
although some higher potash contents wcre fovnd nearer to 
tnountain front. Both nutrients are low to moderate on very stoep 
marginal slopes. 

Population and Land Use-Papulation af 315 diatribvtcd over 4 
villaar, ail cloretoPasciPatrolPast. About 4-5% of the aroa is 
used for gardening; sago collected from Nabes (14). 

Forest R~saurees.-Very high. Very high stocking rate foresf 
(FodD) covers 62% high stacking rate farests (FosD, Fi. Fid) 
cover 34% (29%. 3%. 2%), madcrate stocking ratc forslt (Fmi) 
covers 1 %, A m a s  is senerally good except in lnorc poorly 
draincd parts which usvallv cariv FosD forest. Intermontane 
fans generally encircled by less accessible land systems with steep 
slopes. 

Agricultural bsspssment.-Apart from a few rhort margionl slopes 
there are no Lonoeraohic litnitationa. Strone aciditv and vcrv low ~. - .  u~ . . ~~ 

fertility of most fan-surfacc soils arc main lirnitatioils for arablc 
crops and im~roved pastures. ~ e r t i ~ i t y  is somewhat higher on 
upnor fan sectors near mountain front, but here stoninas 6 a 
common slight to maderate limitation. Possibly there are slight 
erosion halards for arable crops. Mamy roils have poor 
physical condition and drsinagc dcflcioncics, particularly 
imgortant liinitations for trco cro~s.  Thns overall capability h 
estimated to be moderrtc for arable crops a d  tree crops, 
high for improved pastures. Possibly there are ~roblems in 
providing water for cattle. L m d  is generally too vncven and 
too lhigb sbovr river levcls far irrigated ricc. 

Engineering Assmsment.-No topographic problems in road- 
building, apart from difficulties in  negotkting very steep short 
margins1 slopes. Roadside drainage is generally necessary. Road 
cuts casi~y made in very deep and are likely to br fairly 
stable. Soil materials arc moderately to noorly suitable as 
subgrade; road.surfrcing matorials probably restricted to some 
grave1 ~ n d  boulders in  upper ran sectors. Much suitable gravel, 
l ~ o m c r ,  occurs in wide stre- beds in nearby Papul (8)  and 
Purl (10). 

Soils are mainly CH (MH for friable red soils in northern 
sectors), commonly with a tllio veneer of MH to CL: some MH. 
CL, m d  subsvriacc SP and OC on fan suriacos near mountain 
front; very deep. 
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Lsnd Rarms (Plates 7, 10, 14).4lightly dissected fans and Soils (3 obs.).--Probably include mesf of thosc described for 
undulating intermontane alluvial pwms. Fans and plains havc Pagei (11) and Punwcp (131 except for the slightly dcvolopod 
very gontlc to gentle siogos; stcep frequently slumpcd slopes only soils near mountain front. 
at the margins. 

Terraio Parameters.-Altitude: 240-540 ff. Rcliof: very low 
Pop"1ation andLrndUse.pNil' 

(90 ff). Cl~aracteristic slope: very pentie (i030'). Grain: fine 
,ccn a, Borest Resources.--Yerv hieh. Very hieh stackina rate forest ..,. . . . - - 

(FodD) covers 64%. high stocking rate forests (Foid, Fkd, 
Str~arnaa~dDrainase.--D~~iiigerafhhhpo~~tt good, Branching Fid) 35% (Z2%, 8%. 5%). modcratc stocking late forest (Fmi) 
system of fimt- and second-order streams has cut back into fan 1% and confined to steeper margins. ncccj. is gemerauy good 
front causing backward erosion and retreat of front. NO ground except in minor arcas of poor sail drrinasc and on mar& 
obrervntions made along streams. where, although slopcs are steep, reliefis very law. 

Geoloey.Stratified partly cross-bedded silt and sand laycrs with 
same gavel bods plioccne Agricultural Ass==ment.-Mainly bocauss ofgreater p~ooortion of 
and mudstone. steep slopes than in Psgei (111, capability is low for arable craps, 

moderate far innoroved martures. Since this factor is u lesser 
forest with an open canopy ~ i t h  limitation for tree craps and soil hirainage is generally better than 

light-toned crowns and dense ~ ~ d ~ ~ ~ t ~ r e y  (FO~D) coven about in Pasci (11). capability for treccrops is stillassessed an moderate. 
two-thirds and p~ohably indicates rather poor drainage. A 
numbor of tall forest tvvcs with irregular canopies (Fid, Fisd, IIDginecriog Assessmeo1.-Informediate in  road construction 
Foid) cover remaining better-drained parts. problems and soil conditions bet,"ecnPagei (11) and Punww (13). 

Land Forms e l a t e  iO).Strongly dissected f m  remnants form On ilal-fopood crests roils are reminiscent of but less developed 
very fine-grained prticrn of very iorv hills and short ridges. than on intact fan surfaces-weakly acid to acid, moderately 
Ridge crwts and bill tops are very narrow end frequently fiat dccp lo deep, slowly to vow slowly permeable, very flnc tcxtturcd 
topped. Summit level is even, indicating a formcr continuous fan with somewhat coarser-ferturedsurfaccroils. 

Tarrain Parametors-Altitude: 240--540 ff. Relic? very low 
(90 ft). Characteristic slope: very steep (359. Grain: very h e  
(400 ft). 

Streanns and Drsiosge.-WeU draincd by r dense branding 
system of first- and second-order screams draininginto PualRivcr. 

Geology.-Strrti6ed partly cross-bedded silt and sand lavcra with 
some gravd beds unconfarmabiy avcriic blue-grey marl and 
mudsfone of Pliaceoe age. Marl and mudstane frequently crop 
out a t  lower to middle slopes. 

Vcgotation.--Tall faresf with a rather open irregular canopy with 
scattered light-toned crowns (&id) covers northern extremity of 
fans. Mid-height forcst with an irrcgvlar canopy (Fmi) occurs at 
faof of Bcwani Mountains. 

Soils (4 obsJ.-Onsteepslopes offans are w e a k  aci4 moderatcly 
d o ~ p  10 deep, meU.drained roils, partly very slightly developed, 
moderately permeable and h e  textured, partly moderately 
developed, slowly permerblc and h e  to very hne tmtured with 
somewhat coarser-textured surface soils; an marl poorly drained, 
shallow, very slowly permeable, very h e  textured. 

Population and Land Use.-Nil. 

F m t  llesourees.--High. High slacking rate forest (Foid) on 
60% and moderate (Fmi) on 40%. Access is generally poor due 
to very stcep slopes; howcvcr, this is aliuviattd by very low relief, 

Agricultural Assessment.-Because of topagrapbio limifatians, 
onlylow capability for tree crops and improvedpasfures. 

IIngiooering Assessment.-Although road construction will be 
severely hampered by strong dissection and stew slopes, no great 
height diffescrences need be ncsotiated. Nonh-south road" can 
often follow even crests for rathor long dhtuncc-, but e a s L u t  

. . 
be found in nearby rivers. Fan deposits may be moderatcly 
suitable for fill, and in  some cases for subprede. 

soils are nearly aU CH near surface, but probably CL to SC 
subsoUs on steep dis9ection slopes; very deep to moderately 
deep. 

Forms pla te  lo).-permanent swamps in clo3srl depressions Streams and Draioape.S~vamps are local drainage basins for 
on fan surfaces. pam of fans but have no outlet streams. Most land is probably 

permanenfly inundated up to one foot. 
Terrain Param~ters.-Aitit"de: 390-540 ft. Relief: nil. 
Characteristic slope: nil. Grain: -. G~oloer,-R-1 dsy ove~lying fan deposits. 



LAND SYSTEMS 

Vegetstion.Sago palm vegetation (M), commonly exploited 
(MR), covers the whole area. 

Soils (1 obs.).-Moderately develooed, acid to s t raogl~ acid, 
moJcr.llcly r l i l l o s~ ,  r c r y  poorly Jr.:niJ, v r i y  .I.july currncibl~. 
very f i n e - c r x t ~ # e , l  >u#ls. Nil#ngen# co#blr'nl? "re prol~bly  l t i ~ s  to 

n#uJur.ttc, pl~.,sph.~~c ;nd cvvtnrl~ :,re t~ud<r.~ce lo lutr. 

Population and Lend Use-Unpopulated. Extensively used for 
sago exploitation. 

Rorcst Rcsourccn.-Nil. Access is poor due to combined factors 
of poor soil drainago and in parts long inundation. 

Agricultural Assessment.-Poor drainage, inundation, and poor 
phmical soil conditions mean low capability far improved 
pastures aniy. With some improveinent in water control, cap*. 
bilily for (mainly rsin-fed) wet rice appears high. Land 
reclamktion by drainage improvement li*ely to be rather 
d s c u l t  aud would increase capabilit, for arable crops to 
moderate, for improved pastures to high. 

Engineering As4rserament.Should and c m  be avoided far road 
and other construction purposes. Land reclamation may involve 
construction of run-on intercepting ditches along margins, and 
larger drninagc channels to gullies or streams io surrounding 
Pagei (11). 

Soils arc CH: vory deep. 

Land Forms E'latcs 6, 8, 9, Il).-Very low and in places ultra-law occur on crests, upnor slopes, and slumpod slogcs. More 
hills m d  ridges mostly rising from alluvial plains. Ridges alkalina, slightly to moderately devslaped soils tend to dominate 
generally form irregularly branching pattern, slopes moderately on lowcr and stenpest slopes. 
steep t o  steep a d  frequently slumped causing locally great 
dlEerences in slope steepness. Slumps are mainly on lower and 
middle slopes: some also on vpper dopes causing knifc-edged 
stcop-sidod ridgc crests. Slumps havc can>rnonly 15-24-ft high 
back walls and 18-24-ft wide slump benches. Upper slopes are 
generally convex, middle and lower slopes concave. Ridge crests 
are very narrow, locally narrow, some flat topped. crestai 
slopes are uneven but summit level of ridge crests and hill tops is 
rstl~er cvcn. Gallies cut back into middle slope and are 6-18 f t  
widc. 3-18 ft doc". 75-90 ft  apart. Sire of gullies increases 
downslope. 

Terrain Paromcters-Altitude: 15-300 ft. Relid: ultra-low and 
very low (30-120 ft). Characteristic slope: moderately steep 
(14-177. Grain: very h e  (360 ft). 

Low to moderat. soil nitrogcn contents that tend to bc highest 
on moderats slones: ~hohosphrfe is law to  very low: potash is 
high to vcrY hi& and tends to be highest on lower and steeper 
dopes, lowest on upper slopes. 

Population and Land Use.-Population of 285 distributed over 
3 villages. These are situated near Ossima an narrow ridges near 
sago-su~plyiog valley floors af Kabuk (4). About 3% of land 
system used for gardening. 

Forest Re3ources.-High. High stocking rate forests (&id, Fid) 
cover 92% (77%. 15% remainder b stocked by small arens of 
various forest tvpw including secondary forest. Access is 
moderate, main limitations being moderately steep slones and 
mioar areas of imperfect to poor drainage on slump Raors. 

Streams and Drainage.-Dense irrcgvlar Pattern of small streams Agricultural Asscsnm~nt-Vorylowcapability for arablecrops and 
mostly of fist and second order. Larger stroams arc mapped out moderate capability for improved pas-, topography being 

as BSSU (n. M O S ~  gradients are 23'. main limitation. pasture e s t a b h e n t  may be difficult on very 

Geology.-Pliaccnc marl and mudstanc. 
clayey soils, but would probably provide best possible protecfion 
against slumping and rail crccp. Control of gullying requircn 

~ ~ ~ ~ t ~ t i ~ ~ . - ~ ~ l l  farest with rathsr irreKulsr canopy with Special attention. Slaw permeability and local drainage 
scarered light.toned cro,vns  id) covers thrcc-quarters; deficiencies and sail alkalinity reduce capability far tree craps to 

on the remainder h less open foresf ffid). low. 

soils (14 obs.).-Yory he. to he-textured Engineeriog Asse3smeot.-Instability af  slopcs, particularly when 

slody to slo,v~y soils, M~~~ are cut by roads along cantour and absoncc of suitable road-building 
shallow, locally moderately deep. shallo,~ roils are conflncd to mat'ial~ arc ~"aior ~roblcms in road construction. Much 

.oms W" * c m  .loo-. soil. are ecn.ra11v ,"I, d,,i",d. I"".II" Cu'vertic18 needed but rarely substantial bridges. . ~ .  . ~~ 
. ~ ~~~.~~ ~. 

imnerfectly draincd. and on slumll bcnches ~ a o r l v  drained. So* are maiolv CH. rarelv MH: ccnerallv moderatelv deeo to . . . . . .. . .~ 
Soil reaction varies with weathering from alkaliolio to strongly shallow, with dcep to very deep soils only on slump and vallcy 
add. More acid, moderately to strongly developed soils tend to floors. 

LandFomr(Plates l l ,13, In-Long subparallel to dendrific hill slump backs. Ovllyins is very common: gullies mostly cut back 
ridges with very short he-grained spurs. Ridge crests are very into middle slopes and regularly occur in connection with slumps. 
narrow, locally hnife edged and undulating, occnslonally steppcd; Gullies are 90-150 f t  apan, 5-15 ft  dcep, in extrcmes up to 30 ft, 
somc arc Rat topped. Summit level of r i d s  crests in tectonically 
little-disturbed arens is rclativcly cvcn, indicafiog that ridges are Terrain Prrrmctorers.-Althdc: 6tL900 ft. Relief: low (240 ft). 
remnants of rather flat surfacc, in sornc areas related to high fan Charactoristic slopc: vcw sleep (353. Grain: h e  (720 ft). 
surfaces. Side slopes are mostly sleep to very steep. Frequcnt 
slumping causes locally great variely in slopes ranging from Streams snd Dmiorge.Subpumllel to branching streams up to 
gentle slopes at slump benches t o  very st-n slopes (up to 507 a t  third order mostly flowing in beds cut into soft bed-rack. 
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Surp~lringly high amavnf of corrso basement gravel in beds of 
lrrgcr streams, although there is no basenlcnt hoxw to occur in 
crtch~ncnt areas. Hardly any basement grrvcl in Pliocene beds 
which occvpy the whole land system. If probrblg derived from 
former faes whicb in carly and iniddle~leistocene covercd most of 
intermontane lowlands. Firstordcr streams have gradients 
betwcon 1 : 20 and 1 : 60, second- m d  third-order streams have 
high and low gradients respectively. Widths of stream beds vary 
bet~een9-15 f t  (firat order) a d  60-90 ft  (third orded. 

G~ology.-Pliocene marl, mudstone, and siltriono (calcareous and 
nan-crlcrroou$; lacally some rcef limestone is intercalated. 
Beds are generally little disturbed. 

Yegetstion.-Pail forest with a rather open iriegular canopy with 
light-toned crowns (Foid) a d  related type with a less open 
canopy Wid) covcr 87%: remainder is mainly secondary 
vegetation (R-FR). 

Soils (9 obs.).-Pine to veiy he-textured and mainly sligl~tly to 
moderately devclopcd and modcratcly deep sails, shallolv t o  
madnately shrllorv near crests and an  steeper s lo~es .  Some 
almost undeveloped dccp soils are on slvmped slopes. Soil 
permeability is slorv to modcratr but soils are d l  drained except 

-. . . 
uppcr slopes, probably due to increased mathcring. 

Nitranen contents arc gcnerauy moderate, lacally low; phos- 
phate is gonerally la," but moderate on some slumpsd slopes; 
poiash h high and even veiy high on some slumped slopes. 

Po~alatian and Laad Use.--Population of 407 distributed over 
3 ~illrges, all ncar Ossima and in similar lacathns to villages in 
Isi (15). Present land use is restricted to close environmcnl of 
villages and amounts to about 9 %; sago is callccfed fromnearby 
Krbuk (4). 

Foreat Resources.--High. High stocking rats forests W i d ,  Fid) 
cover 87% (83%, 4.4, remainder carrics secondary forest and 
minor arcas of various forest types. Access is poor with 
limitations imposed by steep or occarionally very stoep slopes and 
minor areas of bnpcEcct to poor drainago on sltlmp fioors. 

Agriealtursl Aa~ersment.-Only low capability for improved 
pastures becrvsc of very steep s1opcs. common nevUal to 
alkaline soil lerctbn, local rhvliow soil depth and slow perme- 
ability, and risks of supcrficinl .lumping reduce capability for frec 
crops to "cry 10,". 

Engineering Assessment.-Apart fram minor limesfonc cobbles 
south of coastal range there are no suitable road-building 
material.. Very stew snd commonly unstablc slopes, h e  grain 
m d  dcnse stream net, and relief of 240 ft  arc considerable 
obstacles to road-building. Mast streams, howevcr, are smell 
enough to be negotiated with mlvcrfn. 

Sails are mainly CH, locally MH or CL; mainly moderately 
deep to shallow, but can be dccp on colluvium. 

~ s n d  ~ o r m s  w t e  12).--~symetric (homoclinal) ridges vim 
mostly steepor north-facing sloncs (outcrop slopes) and gcntler 
south-facing s1apcs (dip slopes). outcrap slopes are "ely stsep, 
straight to concave, and sl~art. Dip slopw arc moderrfel~ steep 
andrelatively straight and long. Ridge crests arestraight and "cry 
narrow to kniie edged. Slumps are less frequent on outcrop 
slopes than on dip slopes. Cr~cks  have cut back into Lower 
s1opu of outcrop .1opCs and into middle or upper s l a p s  of dip 
slopes, causing extremely irregular secondary relief (up to 30 ft). 
Gullies arc between 15 and 30ftdeep, 12-15ft wid-, 60 ft  apart. 

Terrain Parameters.-Altitude: 90-900 ft. Rclicf: law (250 it). 
Characteristic slope: outcrop slopr, very steep (42'): dip slope 
moderately stocp (16'). Grain: modlum (I700 it). 

Streams and Drainago.-Frequently pattern of short streams 
drainiog outcrop slop- and longer streams draining dip slopes. 
Much basement mrvel found in beds of larger rivers prob~bly 
deriving from former fans (see F i n m a  (16)). 

Geo1om.-Pliocene marl and mudstone forming dip slopos, hard 
sandstone beda forming outcrop sloprr. 

poorly to impcdcctly drained, on slumpod irregular dip slopes 
imperfectly to well-draincd soils. Moderately permeable well- 
drained roils of medium tmtwe occur on outcrop slopcs. 

Nitragen contents are low, in cases madcrate an dip slopes: 
phosphate rrngcs frnm very law to moderate, but mostly low: 
potash is high in soils on marl, mader?ife to law in roils on 
sandrtone. 

Population and Land Use.-No population and land use 
insignificant. 

Porest R~so~~reos-sigh. High stacking rate forests (Foid, Fid) 
cover 95% (56%. 3972, modcrate stacking rate forests (Fmoi, 
FR) the rsmainder C2%, 3%). Acccss is nladerafe, main limit- 
=:ions are very steep outcrop slopes and impcdsct to poor 
drainage on dip slapes. 

Amleulhlral As.cssolont.-~ecruse of topographical limitations, 
poor physical soil conditions, commonly including impeded 
drainage, area is virtually unclcrs for arable cioppiog and has low 
capability for tree crops. Capability for improved pastures is 
probably moderat*. 

Veeetation.-Tali forest with a rather open irregular canopy with 
EOgiODDIing ASSOIS m,eOt,-ROa COnstrUCtion i3 dimNlt due to 

scattered light-toned crowns (Foid) cavern more than half, forest steep slopes, iiregular miFrorpliefofguIlies sndSLumps, instability 
with a lws open canopy (Fid) covers most af remainder. Mid- of mad cuts, .,d of raad.bui~ding ~ i m i ~ ~ d  
height forest with a rather ap=o irregular canopy (Fmoi) occurs a_unis of gravel occur in a few larger 
on highest crests and upper slopes. Interbedded sandstone could be moderately suitable as 611 and 

(5 obs ,),-,, ostly acid soils, wealrly acid on subgrade. However, low to moderate relief alld rather regular 
slumped dopes, and dcvclopid, soil alignment of ridges would facilitate eonrtrvction of roads in  a 

developmmt on din dew. Soils also moderztely shallow to noTtl'-n'.est to south-wesf direction. 

moderately deep, man t l~  ~lowly to very slo~vly p~ rme~b le ,  and very Soils are CH, rarcly m, C G  generally moderately deep. 
h e  to fine textured. On relaiivel~ uodissected dip slopes are rarely shallow. 
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Land Porms Vlate 13).-Very low irregularly branching ridges 
with very nrnow to narrow gently sloping creses and moderately 
steep to steep side slopes, with local .1nmps and slump benches 

Terrain Parameters.-hltitude: 15CL600 it. Refief: low (120- 
240 ft). Characteristic slope: rteep (304. Grain: medium 
(1200 It). 

Streams nod Drainage.-Dense dendritic to rubparallel patterns 
of small streams, af which first and sccond ordci probably have 
intermittent Bow. Gradiont b low e x c e ~  for k t -order  streams. 
Most streams now in rock-cut beds. The land system is wcll 
drained. 

Geology.-hterbcdded Pliocene silulane, mudstone, and sand- 
stone. 

Vegetation.-Tall forcsf wilh r rather open irregular canopy (Foi) 
and tall forcst with a rather open irregular canopy wit11 light- 
toned crowns (F0id) cover equal areas. 

Soils (0 obs.1.-Probablyslighfly tomoderately developed, neutral 
to weakly acid, moderately shallow to moderately deep, modcr- 
ntdy to slowly permeable, 6ne to very hc-textured soils. Some 
strongly developed, strongly acid. but othcrwisc similar soils with 
somewhat courser-tcrturcd surface soils #nay occur an some 
c1ests. 

Nitrogencontents are probably low to moderste, phosphatelow 
to very Low, potash high to moderate. 

Pollulatlan and Land Use.-Nil 

Farert Reraurc~s.-Very high. Very high stocking rate forest 
(Foil and high stocking rate forest (Foid) each cover 50%. 
Access is moderate with limitations due to steep and rarely very 
steep dopes. 

Africultural Asscssn,cnt.-Because of steep slopes capability is 
very law for srablo crops, lorv for trce crops, moderate far 
improved pastures. Since terrain is not verv rugged and of low 
relief, some development for mixed farming or grazing could he 
justified. 

Eoeineedng krs~rsmcnt.-Topographic problems for road can- 
struction arc rclativcly small. particularly sinco road cuts can be 
made rather easily in the soft lo& and are likely fa be rather 
stable. No road-buildmg materials but they could be obtained 
from adjoining Barida (33). Only local access roads would ever be 
rcguired. 

Soils are mainly CI3, mostly maderatsly doop to shauo,~, but 
very deep soils also common. 

Lao& W m  (Plate 141.-Dendritic to subparallel paffcrn of moderately deep, slowly gcrmeable, fine tcrkred with coarser. 
moderately high short ridgcs. Surnnnif lcvcl is rdatively even; textured surface sails; can be imperfectly drained. on a few ~ l d  
crests narrow, but samc Rrt-top~ed older surface remnants surface romnrnts soils are very strongly developed, acid, 
probably ropresonf a former fansurface. Sideslopes are irregular, vely deep, well drained, fins twtured. but moderatelv oermeable. . . 
ranging from moderate to very rteep, due to Crequent slumping. 
Slump floors are 1004000 sq ft; back walls 10-50 f t  high. 

On limestone, very locally inferbedded rviih clastic sedimentary 
racks, occur shallow dark roils that are typical for fhir rock (soe 

Tcrralo Parameters.-Altitude: 150-750 ft. RelieT: moderate MU*U ("I, Serra C3'). 
(350 if). Characteristic slope: very steep (353. Gmin: very fine Nitrogen contents are 10%" to modorate, but high on limesrone; 
(480 ft). phos~hate  is very low to lawv, but moderate on limestone: notush . . 
Streams and Drainage.-Dense angular pattern of small streams 

is mostly madersts to high, but high to vsry high on slump floors 
m d  very low in the chemically very infcrtilc soils of old rvrfacc 

with low to high gradients. Streams Bow in narrow valleys with remnants, 
no flood-plains. Sfream beds contain little gravel. Well drained, 
but imperfectly draincd pockets occur in slumps duo to the slow sod Uac,-Nil, 
permeability or racks. 

Geolasy.-Inttbedded Pliacene riltrtonc, sandstono, 
Forest R*saurces.-High. Very high stocking rate faresf @oil 

locvny some limestone, gcncrally steeply dipping, ~~d~~~~~~ COVerS 4%, high stocking rate forest (Poidl 64%. moderate 

the youngest have been stronnlv during orogenesis of s t o c k  rate forests (Fmoi. FIN) 32% (27%. 5 %). Access is 

Bc,vani Mountains. 
generally poor duc to steep to very steep alopcs and poor drainage 
on slvmD Roors. 

Vegetation.-Tau forests, mainly with a rather open irregular 
canopy with scattered light-tonod cmwns (Poid), cover about 
two-third.. Rcmaindor is covered with mid-height forests with 
irrcsular canopies. mainly of more open type (Fmai). 

Soils (9 obs.1.-On predominating very steep slopes mainly 
modoratcly dcvcloped, acid to weakly acid, moderately deep to 
shallow, well-dmined, he-textured, and n>odcratcly permeable 
soils. On slump Boars soils tcnd to bc somcwhrt less developed, 
neutral to slknlins in roacfion, slowly permeable, samewhirt 
dcepu: and co~nmanly poorly drained; can havc coarser- 
textured surface soils. 

On crests and modsrate uppcr slopes sails are partly similar to 
those on steep slopr;~, partly more strongly developed, aoid, 

Agriculhlral Asncsnment.-Mainly because of topographic 
limitations capability is virtuauy nil for nrablc crops, law far 
improved pastures. Hecruse oflocal soil alkaliiitv, p ior  draining* 
limited soil depth, and steep slopes capabilityis low for trec crons. 

Engineering Assessment.-Because of difficult topography and 
instability of slopes and road cuts Morumu d s c u l t  for road 
construction, but can gcnorally be avoided. Road-building 
materials are restricted to rare conglamaats and limestone 
beds. Sonic frcshor sandstone at deptl~ may be moderately 
suitable as sub-grade. 

Sails are mainly CH, but also MH m d  C c ,  shallow to  
moderately deep. 



34 E. L~FFLER ET AL. 

Land Forms (P1nie i2).-1rregular pattern of moderzltelr hi811 to 
high ridges with short spurs. Ridge crests are broad and often 
flat-topped. Proininent slumps are characteristic featurc, through- 
out. Slump back walls are 10-100 ff high. s i u m ~  floors rrogc 
from a fov square feet to several thournod sq;.are fcet Side 
slopes are concave m d  vow steep, m d  slvmp back walls 
precipitous. Surfaceof crests is undulating to stepped; summit 
level, hawever, is rather even. Lowcr slopcs are densely dissected 
by guilies. 

Terrain Parameters.-Altitude: 150-900 ff. Rclief: madcrate 
(300-mo ft). characteristic S I O D ~ :  wry steep (373.  in: 
medium 114"" ftl. 

neutral to weakly acid soils likely to occur on colluvialmaterial of 
rlumos. with verv shallow wcakb alkaline soils on  slum^ walls . . 
u d  imperfectly to poorly drained roils common on slump floors. 
On slopes with rock in siir,, soils probably sllkhfly to moderately 
devclopcd, moderately shallow to modcrntely deep, and \veukly 
alkaline to ~veahlv acid: commoulv imoerfecfh drained. Soils on . . . . 
terraces probably similar to fhorc described Tar flood-plain and 
low terrace in Bar" (7). 

Nitragcn and phosphate contents arc likdy to be lorv, potash 
mostly high. 

Population and Land Use.-Ono village with 41 pcople. Land use 
p~~~~ . ~~ - ~ ,~  

is ncglidble, but was rather intenrive in the past judging by 
Stzcrms 2nd Drsinaga-Wide pattern of larger streams cut into ,yidesprcad occurrence of rccondar, forat. 
broad slluviumdllcd valleys. Tribuiaries mostly short and of 
second and fist ordcr. Considerable amount of coarse gravel rorcst Resources,-High, High raft forests (Foid, 
in river beds as well as in terraces. Two terrace niveaux PoiA) 60% (38%, 22m, rate forest 
observed: hig1.e~ terrace 7.5-9 f t  above nr=ent low-,vater ( P ~ ~ ~ , F R )  36%. nCcess, ho,rever, is vcrvpoor due to very steep 
leud, lower torrace 3 4 . 5  ft  above present lo\v-water lcvei, slopes and to a minor exfont poor soil drainage onslvmp Baors. 
Lrrser stream have low to high gradients (Basu River 1 : 400). 

Goo1ogy.-Pliocene marl and mudstone throughout. Agricultural Assessment.-Due to topographic limitations, 
-fable slopcs, and rather unfnvourable soil conditions there is 

Vegetation.-oripmally tau forest with rather awn irregular lo,v capability for improved 
canopy with scattered light-toned crowns (F0id). NO," over 
about 40%. comprising nearly whole of western occurrence. E.~ . , , , ~  ~ s ~ ~ ~ ~ ~ e n t . - v ~ r y  difficult terrain far road con- 
secondary forest (FR) is frequent. I n  eastern occurrence same ,tc,tion, but can easily be avoided. hy roads would be best 
tracts Of 'pen inemis located on lower slopes and terraces along larger stream. which 
scattwed Aibirio (FoiA) are also old secondary for&. contain somc vsccvl gravc1. 

soils (1 obs.).-Fine- to very finrtextured and mainly slawly Sails probably nearly aU CH; probably shallow to moderately 
permeable. Undeveloped to slightly dcvcloped, moderately deep, deep onrockin siru, moderately deep to deep on colluvium. 

Land Forms (Plate 15).-Irregular pattern of broad ~idges with 
moderhte to moderately steep side slopes and moderately stscp 
t o  steep crestal slopes. Side slopes generally long, often with 
suporimposed hummocky to ridgy smndary relief. Ridge crests 
narrow to braad. Slumps frequent, slump benches up to 150 fl 
wide. Gvllies often occur near upper slopes 4 - 5 L  f t  deep, 
6-12 ff wide, 150-180 ff apart, often connected with slumps. 
On low and middle slopes are m l l j r ~  90-120 f t  apart. 10-18 f t  
deep. Limestone boulders scattered over slopes originate from 
limestone areas (Jrssi (31). Musu (341, Scrra (36)) which rise 
steep17 at northern margin of land system. 

Terrain Parametem-Altitude: 300-900 ft. Relief: moderate 
(400 ft). Characteristic slops: modemte (153. Gmin: conrse 
(2400 ft). 

Streams and Drainage,-Larger meandering streams nit11 beds 
60-90 f t  wide, cut into soft bed-rock. Stream beds hove 8rcat 
amount of coarse limestone gravel (up to 10 in. dim.). 
Tributaries are short and of fist to ~c rond  order: mmtB the? 

Vegetation.-Tall farest with rather open irregular canopy with 
light-toned crowns (Foid) in  some areas mincd with secondary 
vegetation, forcst (PR), covers about 80%; remainder 
oesupied by less open forest (Fid). 

Soils (5 obsJ.Slightly developed, neuual t o  weakly alkaline. 
shallow, wcll-drained, slowly permcable. and "cry hoe-textured. 
Moderately deep, but otherwise similar soils associated d t h  mass 
movement on siopes. 

Nitrogen contents moderate, phosplmte low, potssh high to 
"cry high but moduate in some colluvial soils. 

Population and Land Use-One village with 153 people. Garden- 
ing along river \rhere village is situated and swampy patches used 
for sago exploitetion. 

Forest Resources.-High. High stocking rale forests (Poid, Fid) 
cover 87% (66%. 21 %),moderate stocking rate forest (FoidIFR) 
covers 8%. Access good m d  only limited by minor occurrences 
of stem s1ones. . . . ~ 

flow perPendicularly into main screams and ere mare or Less 
parallel to each other; very gentle to gentle slopes. M~~ stream. Agricultural Assessment.-Because of adverse topography and 

have very high gradients p iore  River 1 : 75). ~ l r ~ t .  snd second. very c la~ey roil8 cnpability b nil for arable crops. d though 

order streams have beds up to 15 f t  wide, cut into the bed. topographicalb somewhat more suitable for tree craps. cap- 

rock; they do not transport much limestone gravel. ability very law because of rather alkaline, shallow, slowly 
~ermeable soils. Moderate capsbilitvfor improved Pastures. 

G~o1ogy.-Pliocene marl, mudstone, and slitstone in places 
overlain by limestone detritus. As fhesc beds are a t  transition EoginaeMs Asss%ment.-Although serious, topographic prob- 
fromPliacenelimestonefaciestoPliacenemar1faciesthelithology lems in road-building are alleviated by nressnce of long 
varies greatly from place to place. moderately steep slopes which are, however, i rredar  in detail. 
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Although slopes appev rather stable, road cuts in soft marl and limestone areas rdioiniog the land system in west, north, and 
mudstone may prove liable to landslides. Soils and racks are east. 
unsuilable as road-construction materials but there h useful Soils CH; shallow to n~aderrtely deep, but cao be deep on 
gravel in larger streams. Road-building material plentiful in collnvium. 

Land Wrms (Plates 6, 13-15, IS).-Short t o  very short cammooly 
spurred or grooved ridge. ,vith !axe-edged to narrow crests; 
side slopes gcnexslly "cry steep but rroqvent slumping cruses 
locally srcat variations. Micrareliof vorv iriegular, up to 6 ft. 

Terrain Paramcter8.-Aifitude: 300-1200 ff. Rcliof: moderate 
(400 10. Chnrmteristic dope: very steep (377. Grain: hoe 
(900 ft). 

Strcrms and Drainage.-Dendrilic pattern of mainly small to 
medium-skd streams with high gradienls. streams Am," in 
narrow valleys In rock-cut beds. Generally well drained. 

Geology.-Pliocene to Miocene interbedded siltsfone and sand- 
stone. calcsrcous in places. with minor intercalations of can- 
g1omerate. 

Yezetation.-Areas at foot of the TorricelU m d  Bewaul Mount- 
ains, complisiop about two-thirds, are covered with midheight 
forests, ~ i t h  irregular and onen rather open 
(Fmi, Fmoil, in some areas rcplaced by scwndary forcsts (FR, 
FmA). Other occurrences are tall forest, usually with rather 
openirregular canopy withlight-toned crowns (F~id),  accasianauy 
with less opon canopy (Fid, Fisd), and locnlly of rccondary 
status PR). 

Soils (3 obs.).-Well-drainnd, modcratdy pcrmcablc; probably 
mostly very slightly to moderately develo"ed, neutral to weakly 
acid, a l e -  to medim-te*ured. Generally deep to very deep in 
wlluvial matorial on slumpcd slopes, but moderately shallon an 
rock ir, sitrr. Moderately dcvelopod, moderately shallow ta doop. 

acid, Kne-textured rolls common on upper slapes and crests, in 
places strongly dcvcloped with a romowhaf coarser-tuturcd 
surface sail. 

Nilrosen cantcots low, phosphate very 10," to low, ~ o l a s h  high 
and in romc cascs vow high, hut iowcr figures also likely. 

Population and Land Use.-Nil. 

Fazest Resources.-Moderate. High stacking rate forests (Foid, 
Fid, Fisd) cover 33% (26%, 4%. 3%), moderafe stackins rate 
forests (Fmi, Fmoi, Fmv) cover 58% 0 2 % ,  24%, 2%). nlodorate 
stocking rate secondary forest CER) covers 5%,  Access poor due 
fa large propofion af stoop to very steep rlopes. 

Agciiultural Aa"ca.mc"t.-Because of rugged topography 
capability is nil for arable crops, very low for Lrcc crops and 
improvcd pastures. 

En8ihecring Assessment.-Because of steep, often unstable 
slapes, high ~elicf, and irregular ridac ~n t t c rn  road construction - - 

would be ven  dficult. Cangenerally be avoided inroad traverse 
p1rnaiog hut %road link between Lvmi and vanimo might havcto 
traverse small rsctorr in south-oast of area. Weathered rock is 
very easy to removc in road cuts. and even fresh rack on lower 

~ ~ 

slopes would generally not require ripping. Coarser-grained 
rocks may be suitable for subgrade. but thorc is little or no 
load-surfacing material. 

Soils MH, CH, less CL; mostly moderately deep, loss com- 
monly shallow or deep. 

Land Rorms (Plate 13I.Sl1ike ridges and hogbacks with textured surface layers; on outcrop slapes sliglltly to moderately 
straisht stcep dip slopes and shon very steep to precipitous drvclapd, neutral to weakly add. shallaw to moderately shallow, 
outcrop slopes. Crssts knifc-cdgsd to very narrow, slumping fin- t o  mcdium-textured. Pcrmcability generally moderate but 
common. may be slow on d i ~  slopes, where some soils are also imperfectly 

drained. Probably some moderately deep t o  deep rails occur on 
TcrraInParameters.-MLiLudd: 45CL1200 ft. Relief: moderate to slumped lower slopes, 
h u h  (240.750 if). Characteristi0 slope: very sleep (30'). Grain: 
medivln (1100 ft). Nitrogen cantcnts probably low ta moderate, phosphate very 

low on dip %loves, variable on outcrop and other slopes, potash 
Streams and Drainape.-Dcnss hut rather disorganized pattern of probably mostly high Lo moderate. 
small streams partly parallcl to the str8e. Fom through-going 
streams are high, streams now in  rock-cut POnulation sod Laad Use.-Nil. 
bods. Well to wcesslve1y drained. 

norcst Rcsourc~s.-High. High stacking rate forest (Foid) 
Ccology.-Miocene ~OPBOBBB interbedded siltstone, sandstone, EOVers  66% and moderde stacking rate forest (Pmi) coven 34%. 

wnglomcrnle , i t h  moderate to steep dips. Access very poor due to steep to very steep slopes. 

vegptation.-~,~~-fbird~ carries tau forest with rather Asricultursl Assasmeot.-~ue to its ruggedness and generally 

irregular , i th  fight.toned   id); poor Soils only very low capability for improved pastures. 
remainder, at higher altitudes, mid-height forest with irregular EogincerIng hsasment,Should and cm be in load 
canopy (Fmi). p1anoing. Could beminor sourceaf grave1 and subgradematerials 

soils (0 o~s.).-o~ dip developed for road construction in adja-t land systems. 

acid, moderately shallow, fine-textured, with somcwhat coarscr- Soils CH, MH, CL, withsome MLand SC; shallow to dccp. 
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Lana Poms (Plates 13, 16)-Massive Low mountain ridges and Nitrogcncantents moderate to low, phonphhatelow to moderate 
mountain s l aps  with generally moderately sleep dcnrcly spurred in undcvclopcd soils, very low io more devclopcd soils, potash 
.lops. Strong mer5 movement has produced highly irregular morrly high to moderate. 
secondary relief of 45-150 f t  with m array of hummocks, s l m n  
aroves, gu~~ics,  and ridges with local s l o~~es  varying from zcntle population sod LS,,~ ~~~ . -~ , , nu~a f ion  nil. secondary forest and 
to very steep. lllafrtcd saga indicam former l a d  use in the SE. cornor. 

Terrain Paramctcrs.-Altiludo: 600-3000 ft. Relicf: hi& (900 fl). 
Charrclerislic slopc: moderately sfccp (159. Grain: fine (720 it). 

StIeams and Drrinage.-Fino- to coarse-texturcd paitern of 
urually subpaiallcl main streams With subparallel to dcndritic 
fributarie. AD streams pcrcaaia1, fast flowing, srhauow. Gravel 
a d  bavlden abundant, originating from base~ncnt mountains. 
well drained. 

G.ology.-Mbcene siltstone, mudstone, a d  sandrtone, somo 
conglomerate, locally intercalated limestone. 

Vegetation.-Original vcgelntion probably Largely mid-hcight 
forests ,With more or Less opcn irregular canapis (Fmi, Fmoi), 
With mid-height forest with evcn canopy (Frn") in hipher parts. 
In south-erstom occurrence in the Torncslli Mountains, original 

. 
Fmv, Fmoi, PR) cover only 55% (29# 15%. 9%. 2%). Acces 
is moderate wifh lilnitafions imnosod by steep slopes and poor 
soil drainage on slum" Raors. However, much is isolatcd by less 
ascessiblc country 

Agricultural Asncsrment.-Very low capability for arable mops 
bccause possibilifis restricted to m a l l  pvfchcs of geatle to 
modorate slopes rssociatsd with slumps. Lokv cagrbility for tree 
crops bccaure of climatic limitations above ZOO0 ff, locally 
unfavourrblc soils, and uos(nblc slopes, m d  general ruzgcdness 
and irregularity of terrain. Thesc factors are ler. limiting for 
grazing, ihcrefore onadcrate crpabilityfor improved pastures. 

~ ~ 

vcsctation re~lrced over luge  areas by secondary vegetation, and ~ ~ @ i ~ ~ ~ ~ i n ~  ~ ~ ~ ~ ~ ~ ~ ~ ~ t . - n ~ ~ ~ ~ ~ ~  ,,f madcrately steep, long, 
sago has bcen planfed h .suitable localities ( R - W m ) .  overall slopes and widely spaced majarstreams, moresuitable for 

Soils (1 obs.).-Probably mostly undeveloped, acid to weakly 
acid, moderately deep to  deep, moderately permeable, fmc- to 
medium-textured. On small slump Roors soils arc imperfectly to 
poorly drainod, elsewhere lvell draincd. Probably very shallow 
soils an steepest s1apes near crests, Screams, and on slulnp rualls. 
More deuelooed. acid tn rtronelv acid. modcraielv shrllnr to 

road construction than any othei mountninovs and several high 
hilly land systems. Ncvcrthcless, high rclid, irrirgular and ofm 
unsrableslopcs, and (crscniially 
confined to igneous gravel in rtrcam beds) pose cansidcrable 
problcmr. Construction materials likely to bc available in 
adjoining Somoro (39). . .~~ ~~ -. ~ ~ ~ - ~ .  ~~~~ 

. - ~~~ 

deem fine-twtursd soils. orrflv with somewhat coarrer-textured Soils MH. CH, and also ML: maderatclv dcen to d c c ~  

Land Rorms (l'I'lr?es 16, 20).-Corrse-grained high dendritic Vegetation.-Mid-height forest wifh even canopy (Fmu) has its 
ridges with broad rounded crests. Side slopes moderately steep major occvrrcnces in this land sylem, on gentler to~ography at  
and steep hut very steep near main river courses. Uppcr slopes mid allitndes. Mid-height forat. withirregular canopy (Pmi) and 
mostly conver, middlc and lower s l aps  straight to concave. with rather oven, irregular c a n o P ~  (Fmoi) arc the other morc 
Ridge crests irregularly sloping with slopcs bct~veen 5- and so0. important types, at mid and higher altitudes. Secondary vegefa- 
Due to freouent slumnine connest~d with rmllvine. slooes are tion inertrcms SE. corner of area. In Mili River reaian tall forest . . . . .. . 
extremely irregular in detail. Gullies, 1 5 3 0  ff decp and wide, nith irregular canopy wifh scattered light-toned crowns (Pid), 
extend UD to middlcslapes. Microreliefcan be as high as 3 0 4 5  ff. sometimes with more open canopy (Fold) and mixed wit11 
Tcrraces observed in rcvcral places, 1520  i t  above present stream secondary forest (En) s t  lower altitude. 
bedn, to 90 ft  wide, Rat to "cry gently sloping. 

Terrain Psranmtcra.-Altitude 300-1500 ft. Relief: lligh (900 ff). 
Charafferislic slapc: steep (25'). Grain: coarse to very coarse 
(4000 ft). 

Streams and Dcaioage.-Large rivers, including sons main rivers 
of area, with subparallel to branching system of long tributaries 
With rather short tributaries of third to r sond  order. Many 
river courses are fault controlled. Gradients ofmain streams high 
Wioiore E v e r  1 : 225), of larger tributaries very high (Mili River 
I : SO), of smaller tributaries probably gentle. Large amaunt of 
Coarse 10 very coarse gravel in slream beds and on terraces. 
Dominant racks limc3ronc, b~ramsat,  and volcanics. 

Geology.-Mainly consolidated E ~ c e n e  to Miocene siltstone, 
sandstone, and mudstone: some limestone and volcaics. 
Basement rocks occasion all^ form parts of Lower slopcn. Beds 
strongly faulted. 

Soils (7 obs.).-All obneiwtiant madc in colluvial material ar 
"re-wcaihered rack debris. In rlightly weathered material so& 
are slightly developsd, acid (sometimes weakly acid to ncutml), 
d e e ~  to very deep, fin- t o  mediumtextured, moderately perm- 
eable, commonly with much rock gravcl in subsoil: in strongly 
weathered material soh arc strongly to moderalely developed, 
acid. deco to moderatelv deeo. fine-textured and moderafelv but . ~. . .. 
locally slowly permeable. All are well drained. Colluvium may 
consist of coane limestone debris mired with only a small amount 
of weakly alkaline clay. 

Nitrogen contents moderate, phosphate low to moderate in 
little-developed soils, very low to low in well-developed soils; 
potash, varying from moderate t o  very high, b higher in lesr  
developed soils nnd lower in more-developed rails. 

Poadation aod Land Use-One village with 41 people at rniddls 
course of Piore River. Land use is on narrow terra=- along 
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river. Io extreme SE, corner occurrence of secondary forest 
indicate former land use. 

Forest Resources.-Moderate. High stock& rate forests (Faid, 
Fid) cover 9 %  (7% 2YJ in Mili River region; elsewhere, 
moderatestacking rate forests (Fmi, Fmoi. Fmv, Fml cover 84% 
(41%. 23%. 19%. 1%). Moderate stacking rate secondary 
forest (FR) covers 3% in association with both occurrences. 
Access poor due to steep or, rarely, very steel, slopes. 

Asricuttursl Assessment.--Very law crvrbililv for arable crops 
because of topographic limitations, particularly very irregular 

microrelief. Moderate capability for tree crops and improved 
pastures. 

Engineering AssessmeoL-Major problems for road-building are 
steep averall sloges, high relief, and apparent instability of mmy 
slopes. Microrelief , d l  rsqniuirc almost confinuovs cut-and-fill 
operations and construction af many culverts. Altholigh road- 
build in^ material is limited to limestone outcrops and rubble, 
there h suitable igneous gravel in larger rivcr beds which may 
present rather large problemr in bridge conntrucfion. Despite 
this, road conrtruction may be simpler than in sllrrouoding land 
systems. 

Soils mainly moderately deep MH and CII, but very shallow 
GC on limestone debris slopes. 

Lana hms ( P I ~ ~ S  16).-~0~back mountain ridges with long 
steel, dip s1opcs and short "cry stecp outcrop slopes; slumps and 
gullies cause very irccgular micrordiof. 

Tcrrsin Paramctcrr.-Altitude: 600-3000 It. Relief: very high 
(1500 ftl. Charactcrirtic slopo: very stccp (374. Grain: h e  
(600 ft]. 

Streams sod Drainage.--Widcly npaccd pnrallel drcams of second 
and third order, perc~endicular to strike, up LO 30 ff wido, cut into 
bcd-rack. Small fost-order tributaries mostly sub~arr l ld  or 
narallcl to strike. Well drnincd. 

Geology.-SBghflyconsoBdaled Miocene siltstono, sandstone, and 
conglomerate. Beds dip rtceply. Underlying basement locally 
ex"osed at 1owcr r1opcs. 

Vcgehtioo.-Mideighf fol-osts with irrcgu1ar canopy (Fmi), 
with rather open irregular canow (Fmoi), m d  with even canopy 
(FPP] cover nlart. Mid-hsight forest with irregular canopy with 
scattered Albiria (FmA) on watershed of Torricelli Mountains. 

\ i t h  somervhai coarser-textured surface soils: on outcrop slopes 
probably 1- acid, "cry shallow to shallow, medium- to fin* 
tcrfurcd; on irrcgu1ar lowor s1ones moderately developed, acid, 
moderately deem, moderately permeable, he-textured. All 
,,robably well drained except on slump floors. 

Nitrogen contents likely Lo be moderate to lor", phosphate low, 
but very low on dip slo~es, potashhigh to moderate. 

Populrtioo and Land USE.-Nil 

Forest Resources.-Lor". Moderato stacking rate forests (Fmi, 
Fmoi, Fmvl covcr 75% (33%. 24%, 18%). Access very poor, 
Limitedmainly by s t e w  dill s lo~es ,  very sleep outcrop slopes, and 
to a minor extent poor drilinilge an slurnp noon. 

A~ricultural Assessment.-Because of ruggcdncs. and physically 
poor soils thcrcir no significant land urc capability. 

Engineering AsscsnmcoLShould and can bc avoidcd fnr road 
conrfructian. May canfain somo useful road-building malorials; 
igneous rock on lowesl slones, some sandstone rnd conglomerate 
Lhroughouf. 

Soils (1 obs.).-On dip slopes probably moderrtel~ dcvolopcd, Soils CH, MH, CL, with some ML m d  SC: very shallow to 
acid, lnodorntely shallow, slowly permeable, and fine-textured moderately dew. 

Land Rormn (Plate 131.-Slumped m d  gullied mountain ridgor 
wifh narrow crcstr and very sleep side slopes. 

T~rrainPacamet~s.--Altifudd: 600-3000 if. Relicf: high (900 it). 
Characteristic slope: very steer, (35O). Grain: medium Lo coarse 
I2000 ftl. 

Gcotogy.-Eacene to M i o c ~ n ~ s e d i ~ ~ e n f f r y  rock. Somc barcmcnt 
rock8 probably stso occur near the transitionto Somoro (39). 

Vegetation.-Occurrences at higher altitudes are covered wifh 
mid-height for=-fs. Mort prominent is mid-height forest with 
irreglllar cmoDy ( F I ~ ~ I ,  onon ~ i t h  sora~ st.lgos ( ~ ~ i ' ) ,  
pointing to instability of the  slopes as "robably does mid-hoigllt 
forest with rather open irregular canopy (Fmai). o n  crests 
forests have marc cvcn canopy (Fm. Fmvl. Tall forest with 
rather open irregular canopy with scattered light-toned crowns 
(Faid) at lower altitudes. 

Soils (0 obs.).-Likely to be slightly to modcratcly deuslopcd, 
acid. modoratcly shnllow to modcratoly deep, and modium- to 

fine~texlured, but "robably shallow on steenest s1o"es. Perme- 
ability generally moderate, locally slow or rapid. 

Nifrogcn contents low", phosphalc vary low to low, polash 
mostly high. 

Population and Land Use.-Nil 

Facest a e ~ ~ ~ r c e s . - M o d ~ r ~ t e .  Hinh stocking rats forest (Foidl 

to  high proportion of very steep to stccp "lopes and, in many 
cases, Lo~ograghic ~osifion. 

Agri"ultaralAsresrmenf.-Too rugged and roo wet for apricu1tura1 
development. 

Etlzineering Assess>,snt.Should and can be avoided in road 
planning. Could be source of rord-buildinz rnatorirls for a road 
betwcen Lumi and the coast, Lo Vvnimo and/or Aitroe. 

Soils CH, MH, CL; tnoderrfely deep to shallorv, locally very 
shallow or dccp. 



Lsnd Forms miate Is).-Very he-grained ~ a t t c i n  of dendritic 
low to moderare ridges, ridge crests being knife-odged to very 
narrow and irregularly sloping. Short, slightly concave to 
straighl, in detail orten stepped side siopw moderately stccp to 
stcop. However, 10-1 slumpin8 cruses variations and slopos 
bet~veon 3' (slum" bcnches) and up to 40' can occur. Middle and 
upper s1opcs undjsserfed, lower slopos dissected by some guuies. 

Tcnain Parameters-Altitude: 300-1000 it. Relief: low (250 ft). 
Characteristic siopc: very steep (32-). Grain: "cry h e  (350 it). 

Str~amn and Drainage.-Very he-girtnod pattern of small 
streams of *sf to third order; some sublcrrancan drrinage 
through daiines. Holever, drainage aystem iS mostly integrated. 
No field observations abovt stream beds. 

Geology.-Eoccne to Miocene sediments of very minod litholoev. 
Limestone reems to be dominant in most of the areas, volcanics 
and mudsfone rubdominant. 

Vcgefafion.-Tall forwt with irregular small-crowned canopy 
wit11 scattered light-toned crowns (Fisd) covers 70% remrindoi 
coverod by larger-cro\wed foiwts (Fid, Foid). 

soils (3 obs3.-On valcnnics and mudstone slowly pemcahle and 
very fino-tsrfored, gonnally shallow, neutral, but in placcs weakly 
alkaline on lower slopw. Soil development moderate, or on 

d rahge .  On slump bsnches on lower slopes a slightly to 
modcratcly developed, ncutral to weakly alkdinc, moderately 
deep, impcrfecfly drained soil was observed. 

No soils on limestone wuc  observed, but thcv would be similar 
to those described for Serra (36). 

Nitrogen contents fcnd to be modorate to law, phosphate low, 
~ o t a s h  appears to be high to very high in slishtiy developed, low 
in  moderately develo~ed soils. 

Poplllation md Land Use.-Nil. 

Forest Resources.-High. High stacking rate forosts PSd .  Foid, 
Fid) cover 100% (79% 14%. 7%. Access paor due to "cry steep 
dopes. 

Agricuihlral Assessment.-Becausc of very sleep slapw, close 
dissection, and ph~sically rather poor andlor shallom soils 
capability is only low far improved pastures. 

Engineering Assessment.-Unlikely to bc a demand for roads in 
foresreablc futurr Road conshunion would demand great deal 
of cut-and-611 work, which may require rippiog, and even blasting 
of fcsh  rock In deeoer cuts. Weathered rack may bc svitabic for 
hll and subgrade, while limesrone m d  Prcnh volcanicrack suitable 
for prvemcnt may also be available in sufficient amounts. 

lower slopes slight. On crests and upper slopes there can be SoilsCHrndprobably GC; mainlysh~ow,locrllym~d~ddttly 
somewhat coarser-tcxtured surface soil and slightly impeded deep on slumped slop-, or very shallow on limestone. 

Land Forms (Platc 171.-Low ridges with fine-grained short spurs 
forming very irregular pattern. Ridge crest. nanow and generally 
steeply sloping. Side slopes moderalely sceog to steep but very 
stcep along deeply incised gor~es. Slumps common. 

Terraio Parameters.-Altitude: 60tL1200 ft. RelieF: low (220 ft). 
except alongriver gorges whereif is moderate (500ft). Characfer- 
istic slapc: moderatciy sleep (127. Grain: medium (1200 fll. 

Sfreams m d  Drainage.-Branching pattern of first- m d  second- 
o r d a  streams flowing into few larger strcams, thecouries of which 
seem in some cases to be fault controlled. 

Geology.-Miocone and Piiocenc sediments of very mixed 
lithology. Probably mainly impure limestone with froqucnt 
intercalations of sandstone, siltstone, and mudstone. 

vegctntion.-Tali forest, mainly with rather open, irregular 
canopy rvifh scattered light-toned crowns (Poidl, occasionally 
with less open canopy (Fid). 

Soils (0 obs.1.-Probably similar to thosc dcrcribcd for Isi [IS) 
except on limcqtotone where thcy are likely to bo similar to those of 
Serrz (36). Plant nutrirnt eontonts also similar to ?hose disj (IS) 
and Serrn (36). 

Population and Lnod Use.-Nil. 

Forcst llesourcoa.-Very high. High stacking rate forests (Fold 
and Fid) covcr 91 %and  9%. Access k moderate because most 
slopes are moderately steen. 

Agricdfural Assessment.-Capability grobably similar to that of 
h i  (15) but sligl~tly lower bocnure of presoncc of stony shallarv 
soils an limestone, and deeply incised rivers; a-s also con. 
siderably "lor* d'I,~"lt. 

deep to deep, hut shallow on very stcep slopes, very "hallow on 
limestone. 

Land Fo rm (Piate 6)-High dissected plateau with steep north- Characteristicslope: moderately steep (10'1 on plateau, very ateeD 
racing scarp. Surface very irregular, consisting mainly of short (403 a lmg gorges and on scarps. Orain: medium (1300 ft). 
low ridges, slopes on plateau generally moderately steep but 
gentle slopes also occur. Near the scarps and alom steeply 

rivers slopes arc steep. Slumps occur on very Streams and D*ahage.-Mainb consequent subPnraUel second- 

sleep dopes. 
and third-order streams. The latter with only a few tributaaie~ 
flow directly into the sea. crossiog coastal p lah  in canfroed 

~errain Parsmeters.-Altitude: 30-900 ff. Relief: low (200 fr) on vsllcys. Most secand-order streams drain info coastal back 
moderate (600 ft) at margins and along gorges. swamps externding in front of north-facing scarp. Beds of third- 
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order stream* contain coane ,"ell-rounded gmve1, mainly lime- 
stone, up to 20 in. diam. 

Geology.-Limestone of Miocene to Pliocene age locally inter- 
bedded with ailfrtone and mudstone. 

vegctati0n.-Tall forest with lather open irregular canopy with 
scattered light-toned crowns void). 

Soils (1 obs.).-On sedimentary rack soils are likelv to be similar 
to those described for Fiwma (16) and Jrssi (31), on limestone 
and mired lithology to  those for Scrra (36). On some coliuvirl 
lower s l o ~ c s  n ~ o d ~ ~ a t o l ~  d ~ ~ e l o ~ c d .  ~veaklv acid. madecatclv deem . . . . . -. 
irnperfecll~ drained, slowly permeable, ke-textured soils. 

Plant nutrient contcnts likcly to be similar to those of land 
smtcms lnentioned above. 

Ponulation and Land Use-Nil. 

gorest Resourc~s.-High. Hi& stockinn rate forest (Poid) covers 
96%. Access poor overall, but on plater" could be considered 
moderate, and along scarps and incised rivers very poor to nil. 

Amicultural Assessment.-Because of topographic problems and 
rather unfavourrblesoil conditions, overrlicrpability verylow for 
tree crops, Low for improved pastures. Best land is on plateau 
surface, where it would even be pas-ible to use small areas far 
arahlc cropping. The ~ l a t e su ,  however, is very inaccessible and 
probably ,vet rnd cloudy. 

Enginecdng Asseswcnt.Should and can be avoided in regional 
road planning. An access road to pirferu surfacewould probably 
be best located inwest where ascentis most gradual. 

Soils CH to MI1 on soft rcdimcnlary rocks, CH to GC an 
limestonc: on sodimontary rocks prabrbly shrllow on steep 
slopes, modorafely deep to deep on gentle slopes; very shallow on 
1imcstane. 

Land Forms (Plate IS).-Plateau and plateau-like arcas rvith On limestone and mixed lithology soils arc probably very 
irregular sfrongly undulating t o  even, lorv hilly or ridgy svrfacos similar to thore dscribcd fa i  Scrra (36). 
with steeply incizcd narrow valloys: local flat surfaces (Krisa Nifrozcn fend to be lo,v to on redi. 
Plateau). Ridzc cresls narrow a d  strongly uoduluting. Slopes menlrry rocks, to high on limestane; pho sp,, ate 
short or vew short, straight. and moderate to modcrafsly rtcep generally lo,,, to very low: potash high moderafc, 
but 1acaily gentle. steep to very stccp slopes bound platcau or arc 
developed along major rivers. Larger riwrs tmnsllort large Populstion wrisal ,etl, 153 people 
quantities of coarse lime-tone gravel. In places along rivers twa 

have developed, lo,uer c. 9-15 ft low ,vatcr 
Situated at = d ~ e  of Plateau where gardonins is ortonsive: land 

Level, and older 45-75 ft. 
use far \?hole land systc~n is minor. 

Terraio Parameters.-Altitude: 300-1000 ft. ~ ~ l i e f :  low (200 ft), Forest Resoarces.-High. High stocking rat= forests (Faid, Fird. 
moderate at  marsins and dong gorges (500 ft). ~ h ~ ~ ~ ~ f ~ ~ i ~ t i ~  Pid) cover 98% (73 %, IS%, 7%. remaining 2% carries modcratc 
dope: modcratc (109. Grain: medium (1500 fl). rtoching rate secondary farest (PR). Access good to moderate 

with occasional limitations imllosed by steep to very steep "lopes 
Sheams md Drsi~see.4ubparalleI to branching system of and gorges. 
streams. Larger stream, mainly third- and fourth-order, have 
beds 30 ft wide bounded by steply rising slol 
little incircd. Sanls subterranean drainago mrougn ootmes, could be gro,vn mode to eradon hazards on 
Crrdionts of main streams I : 100-1 : 250. nlateau surfaces and eentler slooes on soft sedim~entarv rocls. 

Vcgctrtion.-Tall forest with rather open irregular canopy with Engincaring Assessment.-Would, together with Kohari (351, 
scattcrcd light-toncd crowns (kid) covers 73%; tall forost with c~ravide best location for road across coastal range between 
irregvlrr canow with scattered light-loned crowns (Pid), but Vanimo m d  Prgei as topographic obstacles are only moderate. 
mostly smallcrowned (Fisd), onremainder. Secondary vegetation Major probl- \rould be negotiating long stccp marginal slopes. 
(R-FR) around Krirs village. Natural rlooes and road cuts orobablv frirlv stable. excent in .~ . . ~ ~ ~ ~ , ~ ~ ~ ~ . ~  ~ 

Soils (3 obs.1.-On seditnentrry rocks to ,noderately mudstono. Ripping may be required in  limestone and some 

developed, neutral to weakly alkaline, and mostly fine-textured ha'der s;mdsrone. There are Of mad- 
and modemtely pernlcable on sandrtonc, finotexturcd and = a ~ t r ~ = t i o n  materials in the form of limestone, weathcrod and 

s lowl~  ~ormoablc on mudstone. Mainly n~odoratdy shallow, but sandstono, and rock. 

deen oncolluvialmrf~ii1 on some sffff f111es. Some moderatdv Soils CH (some CL on sadstanel on redinlentarv rocks. . . . . 
to strongly dcvclopcd, weakly acid to acid soils may dro be CH or GC on limestone: shnllaw ta moderatdy doep an sedi- 
llrescnt an o,>ser ~lrteau s1ooes. mentary rocks, very shrilow onlimestone. 

Land Forms (Plates 5, IS).-Ridges and spurs mainly forming mixed lithology slopes are in detail extremely irregular, often 
north side of Ocnake Mountains, with modcratcly stccp to  stccp shaving hummocky rccandnry rclicf up to 60 ft. Huge limestone 
slopes and very steep slopes along mrjor rivers. Because of block% common an surface add to rrregulariry. Crests of ridges 
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and spurs broad to narrow and gcncrally moderately stecp to 
steepiy sloping. Slumps and deep gullies rare. Therefore, slolles 
in cenernl are rslativelv little dissected. In arcas of ourc limestone 
dolines (sink holc~) occur 

Terrain Parameten.-Altitude: 150-1000 ff. Reliof: modsrate 
(600 ft). Charactoristic slope: steep (24-303. Grain: coarse t o  
very coarse (4000 ftl. 

Streams and Drainage.-Mainly subparnllcl third-order stroams 
Rowing in narrow gorges directly into sen or into Mossu River. 
There is a branching system of tributaries, most of ,uhich are 
short and 1,ave gradients up to 3-. stream beds of larger stre.,ms 
are up to 75 ft wido and fillcd with sand m d  coarse gravel, 
dominantly limestone. Some volcanicr and basement gravol 
occur but fheir source h "nkno,"". I" somc areas there is also 
subterranean drainage through dolines. Gradicntr of larger 
rivers are betweon 1 : 20 and 1 : 60. 

Geology.--Dominantly limmtonc but intercvlrfions of marl, 
mudstone, and siltstone frcquont. Bcds probably of Eocene to 
Miocene age. 

Vegctrtion.-Tall forest with rather opcn irrsgolar cano~y  wit11 
acattercd light-toned crowns  id) covers about half, tau forests 
with less opon canopi~? (Fid, Fisd) cover most of rornrindw. 

SE. of Mt. BougninuiUe small u e a  boars mid-height forest with 
irregular small-crowned canopy (Fmis). 

Soils (3 obs.).Slightly develoged, well dmincd, ranging in 
reaction fram ncutral ta strongly alkaline. On limestone dark, 

shallor to very sbullow, rapidly to very rapidly permeable, 
fino-tcrfured, and variably stony and rocky. on soft sedinlcntvry 
mcks moderately shallow to moderatsly deep, h e -  to "cry 
he-textured, slowly permeable. 

Nitrogen and potash mntents lligh to moderate, phosphate 
moderate to low. 

Population md Land Use.-Nil. 

Forest Rcrourccs.-High. High stocking rat. forests (Foid, Fid, 
Fisdl covcr 92% (48%. 24%. 20%). moderate stacking rafc forcst 
(Emis) covers the remainder. Access moderate, limited by steep 
or rarely very steep slopes 

Ag~"~t"lalh~"ssm"mtt-Btttttt of steep rlopw, high relief, 
common stony or bouldery sudaces, and shrllaw rathcr alkaline 
soils, capability is vory low for tree mops, low for himgroved 
pastures. 

Engineering hsersm.nt.-Forms main obstacle to any road 
inland from Vanima that rvould utilize the easier terrain of Jasri 
(311 and Kohari (35). Should be avoided us much as ~oss ibla  
Switchbacks arc likely to bc required to negotiate high relief. 
Road-building materials "lentiflll. Road cut. stable in limestone 
but rather unstable in  soft sedimentary rocks. 

Soils GC an limc~tonc, CH on soft sedimentary racks; very 
shallow on limestotle, shallow to lnoderatcly dcop on sedimentary 
rocks. 

LandPorms (Platc 14)-Hightidges with broad crests (120-150R) 
vndverysfee~sfiaighttidddlopes; smoofhueslrlslopes. Gullics 
100-120 f t  apart dissect thc lawci and middle slopes and small 
tcrrnseftes formirregu~a~ microrelief (3-5 ft). 

Terrain Parameters.--Altitude: 300-1000 it .  Rclief: moderate 
(600 ftl. Characteristic slope: very sfcep (35'-389. Grain: 
lncdium (1800 it). 

Streams nod Drainage.--Mostly drained by rmall firrt-order 
streams flawing in ravines with intermittent Raw. Sccond- or 
fhird-order streams arc subparalid and courses lnosrlv fault 
confrollcd. Abundant limestone gravel in beds of larger rivers. 

G~ology.--Upper Miocene marrive limestone and sandstone. 
Sandstone probably forms vppor parts of ridges. 

Vegetation.--Crests mainly covcred with mid-height forests: 
canopy structure varies betrvcen cven (Fmvl, rathcr cvcn (Fm), 
andirregolrr (Fmi). Tau forest with rather o~~eniririrguIac IIIOPY 

with scattered light-toned crowns (Fold) and mid-height forest 
with similar canopy (Fmoi) occur an the slop-. 

Soils (2 obs.).SBghtly developed, dark, shallow, neutral to 
rueal;ly alkaline, and well-drainedrangingfromrapidly permeable, 

g r~vd ly  or stony, medim-textured on pure limestone to slightly 
deeper, lnadcratcly pcrmeablc, finc- to very he-textured on 
sandslone rnd argillaceous limestono. 

Nitrogen contcnts moderate, phosphate and palash law to 
moderafc. 

Forest Resources-Maderate. High stocking rate farest (Faid) 
covers 30% and modcrate stocking rate forests (Fmoi, Fmi, 
F m ,  Fm) mvm 70% (43%. 17%. 5%. 5%). ACCESS is pnnr due 
to common occurrence of steep to very steep slopes. 

Agricultural Asscsrment.--Because of very sfeep slopes m d  
shallow rather alkaline soils there is only low capability for 
improved pastures. 

Englnccring hrcssment.Should and can be avoided for road 
conslrucfion. Valvrble sourcc of road-building materials if road 
conoation is contemplated through SE. part af area between 
Lvmi and Eaartd towns of vanimo and/or Aitape. 

Sails CH and GC: shallow to very shsllow. 

Land Forms (Plate 51.-Uplifted and dissected rernoants of coral bovnding scarps very steep and locally steep. No cantinuovs 
recf platforms forming terraces or ridges 6L300 ft  above sea terrace Levels, indicating that tectonic movements differ greatly 
level. Terrace surfaces flat to gently sloping or undulating, fram plncc t o  place. Particularly in front of Mt. Baugainville 
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uplift seems to be much strongcr than further east. On higher 
platform some karst features in form of doline. 

Terrain Paramcte.s.-Altitude: 60-300 fl. Relief: law (IS0 ft). 
Characteristic slope: very sleep (389. Gmin: coarse (2400 fl). 

shean~n and ~mhagc.-AS it ir only n narrow strip along coast. 
little can be said about drainage conditions. In front of Mt. 
~augainville no surface drainage, further east ramc permanent 
streamsfrom o s n a k e ~ ~ ~ ~ u ~ ~ ~ t t i n s  havacutinto p la t fo~m.  Strcams 
receive only few tributaries from land system and contain large 
amount of coarso gravol, dominantly limcslone but also somo 
crystalline racks of unknown source. 

On very steep slopen with much rock outcrop, stony and 
gravelly soils that are mostly M a r  in nature to the first sai1r 
described above, bur in places consist of peculiar dark red very 
friable clay. 

A moderately strongly developed, weakly acid, moderrrely 
deep, very fine-textured soil, low in all three major nutrients, war 
abrervrd on one of rare filled-in dolines. Except for this 
imperfectly drhined, slo\\,ly permeable soil, all soils well drained 
and moderately to very rapidly pemneable. 

Panulation and Land Use.-One village nifh 99 people is situated 
on very narrow coastal lllaffarm in front of steeply rising coastal 
ranges, About I5 % of land is or war used for gardening. 

Geology.-Very young coral limestone of Pleistocene age. Eorcst Reraureer.-High. High stacking rate forcats (Faid, Fisd, 
Fid) covcr 85% (GO%, 20%. 5%). Acccss very paor due to 

vegetation.-Tall forest with irrosular canopy ~ i f h  dominance of very stccp to steop slopes m d  boundary scarps. 

scattered light-toned crowns (Foid) covers 60%. fall forests with 
canmies (Fisd, Fid) 225%; remainder or Apicdturrl Arscrrment.-Steep ride slopes unsuitable far 

bcars secondary forest (R-FR). agricvltural dcvclopmcnt, but on platform remnants capability 
moderate for arable crops, hid, for im"r0"ed pastures, low for 

soils (8 oba,),--On pldform runnanf rather gentle u,,p or treecrops because ofshallow alkrlinesailr. Soilslikely to dry out 

with mro outcrop =tony that rapidly during rainless periods of few ,uecks. overall capability 
either slighlly developed. dark co~oured, ,.,eakly to strongly a~sessed a* 10," far arnblc crops, very law for tree crops, moderate 

alkaline, shallow ro very shallow, h e -  to very fino-toxturnd with for improvcd pastures. 

high to moderate nitrogen contents, moderate ta very 1,i~h 
phosphate, high t o  low potash; or moderately to almost strongly E"dnccdng Asecasmcnt~-probims in road construcLion very 

dcvoloped, ncutrrl, modcrufc~y fme.textured 
similar to thoso in Serra (36) but with fewer s c r r ~ s  m d  generally 

solnewhrt coarsertertured surface soil% and with moderate 
nitrogen conlenfs, low to very low ~hhhpbrfe, low potash. Soilr GC and CH: very shallow, locally shallow. 

Land Forms (Plate IS).-Ultra-fine- to very fine-grained orllern af  Soils (0 ahs.).--Probably similar to those on pure limetone in 
low to very low hills; botwccn mostly conical-shaped hills steep Musu (34) and Serrr (36). Some sink-hole Boor. may bc fillcd in 
sink holes lead to depths. Area is good cra~nplc ortropkal karsl. and have more developed, dceper, "cry finc-lextturod soils as in 
some aructural lineations in form of low ridges. slopes of hills similar situation in ~ u s u  (34). 
convex and very steep. 

Population and Lnod Uso-Nil. 

Tcrraio Parsmeters.-Altitude: 300900 ft. Relief: low (150 it). 
Chaiacterirtic slops: very rlcep (307. Grain: allrsfine (200 ff). 

Streams and Drainage.--No intcgrat~d drainage network 
devela~ed; most drainage seems to be subterranoan. Only rams 
sllochfonous streams cross limestone country, "robably cnost 

wabr now$ inlo these streams. transporl 
large amount of coarse 1imcstanc ~ n v c l .  

Geology.-Rcef limestone dominantly from Pllacene Hollandiv 
formation. 

Fo~est Resources.-Hi&. High stocking rate forests (Fisd, Foid) 
cover 94% (66%. 28%) and in the Br\vani Mountains low 
stocking rate forest (Fmci) covers 6%. Access nil bccausc of very 
Sfee" to sfco" s1opca of this karst topography. 

Agricultural Assesrment-Dueto topographicnnd roil limitations 
only very low capability for improvod pastures. Provision of 
water for cattle may cruse "coblems becruse of scarcity of 
streams and dficulty of collecting water in dams or tanks. 

Engincoring Anseasment.-Although topography very brokcn in 
detailthere rreno major rcliof olcnlcnts to bcnogatiatcd by roads. 
Hardlv an" need for roadside drrioree, little or no need for . . - .  

scattcrcd lighl-loncd craivns (Fisd) covors about two-thirds; most bridges, road-building muleridis plentiful, androad cuts would be 
af remainder covered bv tall forest with moie oPen, less small- stable. In any road link across coasfalrnnge between vanimo and 
crowned canopy (Foid). Pagei this would grobably bc most suitable land from engineering 

Occurrcnc~ in nmvani ~ o v n t a i n s  boars rnid-~,eight farest ~ i c h  point of view. 

VCTY dons~  cano~y  of irregular height (Fmd). Soils probably GC and CH, probably very shallow 

Land Porma (Plafos 14, 19).--High to very high limestone high, in cxtreme cases up to 1800 ff high, occurring either at 
piatcaux, plater" remnmts, and ridges with undlllvling to hilly margins of p1atcaur or farNina side s lope  of gorges. FrEquent 
surraces. scarps very stcsp to precipitous. 300.600 f t  lineation in form of long narrow ridges and 
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Prominent karst features such sr conical hills and rink holes 
(dollies) on some plateaux but not throughout land systcm. 
Slo~es  of conical hillhills convex and very sleep. 

Terrain Parameters.-Altitude: 120-3600 R. Relief: high (1000 
ft), an plateau surfaces low (250 ft). Characteristic slope: very 
steep (379. Grain: very finc (280 ft). 

Streams and Drainage.--Large areas without integrated surface 
drainage. Some larger allochtonous streams flow through 

calluvim, moderately developed, neutral to weakly acid, 
madcz~tcly sl~allow to moderately dccp, slorvly permeable, h6 to 
Y ~ I Y  f in~lmtured soils, commonly with som$vhat coarser- 
textured surfice layers. Nitrugen content$ moderate to low, 
phosphate low to very low, potash moderate to hkh. 

All so& w e l l  drained, except for u s\uampy but moderately 
permeable, acid, modcratcly dccp, fine-toiihlred soil ,"ifh peaty 
horizons, observed on r filled-in do f i e  which is very his11 in 
nitrogen a d  phosphate, moderate in  patash. 

limestone areas in steep-sided gorges receiving tittle surface water atia 
from the limestone arcas a8 most of thcir tributuies arc situatcd 
beyond limestone country. Mainly subterranean drainage. Rivcr 
beds up to 90ft ,"ide md containmainly limesfone Forest Resa"rees.-High. High stocking rate forests (Faid, Fid, 

(up to loin. diam.). Fisd, Fov) cover 80% (50%, 15% 11 %, 4%). low stocking rntc 
foresrs (Fmci, Fmc) 20% (17% 3%). Access nil due to high 

Geology.-Recf limcstonc, dominantly Pliocene. Locally, thin 
lenses of mvdstoneinterboddod With Limestone. 

Vegetation.-At lower altitudes tall forest, predominantly with 
rather open irregular canopy with scattered light-toned crorvns 
(Faid). Tall forest with rnthcr oprn cvcn canopy Fov)  on part of 
Serra Hills, other trllforesls have less ooencrnopies mid, Fisd). 

At higher altitudes, on Mt. Bougrinville and in Bewani 
Maontrins, mid-height forests with denre canopy (Fm3 and 
usually of an irregular height (Fmci). 

Soils (8  obs.).--On pvrc limestone s l o ~ e s  slightly developed, 
shallow to  very shallow, alkaline to weakly alkaline, dark, rapidly 
to moderately permeable, medicam- to line-textured, urua11y 
conraining stones and gravel. o n  srestal flats soils arc similar but 
neutral in reaction. On argillaceous limestone similar but lighter- 
co1aured. shallow to moderately shallow, slowly la very slowly 
permeable, very he~texfured. Nitrogen contents mostly high to 
moderare, phosphate moderate to low, potash l a ~ u  to modcrate. 
On clastic sedimentary rocks intcrbcdded with limestone, or on 

incidence of very steep to rtccp r1ope.5, karstfcatures, and marginal 
scams. 

Agricult~tral Assessment.-Because of rugged f o ~ o g r a ~ h y  and 
shallow stony soils of high p H  there is only law capabilily for 
improved pastures. Soms plateau surfaces reasonably suitable for 
devdopmcnf, b"l access difficult hecavsc of surrounding scarp. 
and long steep s1oges. 

Engineering Assessment.-Terrain difficult for road construction 
because ofsteep rlopcs, high relief, and prabablc ncod for blasting 
in making road cuts in hard limestone. However, possibilities 
*mi ofadecting IW difficult routes along ridge crests and plateau 
surfaces, and or  avoiding scarps a d  very steep slopes. Limesfane 
probilbly very saifnblc for many kinds of road-canstmction 
material, and natural slopes rnd road cvts likely to be very stable. 
Thus, serra is in "laces preferable to adjoinkg hilly land system 
on soft sedimentary rocks. 

Soils mainiy GC m d  CH, with same CL; mainly very shallow 
to shallow, locally moderately deep. 

Land Forms (Plate ZO).Sharply m d  densely spurred, branching ntcly to strongly dcvclopcd, strongly acid, doe" to very d e e ~  
ridges with very narrow gently sloping to steep crests, and very he-tcrturod, with mediumtutured subsoils. Nitrogen contents 
sleep straight slopes. moderate; phosphate very low io weU-developed soils, low in 

least-developed soils; potash ranges from madcrate to very big11 

Terrain Pnramctcrs.--Altitude: 900-3000 St. Relief: high (500- but low In most-dcve1oped 

900ft). Charactnisticslope: vcrysfccp (387. Grain: fine (600ft). 
Ponulation and h o d  Use.--Nil. 

steep and very steep slopes. 
Ge"Iogy.-Igneo"r basement rocks, mainly gnbbro and diorite. 

Agricultural Asncssmcot.-Nil capability. 
Vexetation.-Mid-hei.ht forests, oredominantly with rather open 
irregular canopy (Fmoi), otherwise with less open canopy and 
sometimes mired with sera1 stages (Fmi, Fmi'). Engioeering Assessment.Should and can be avoided in road 

planning. Isolated occurrences associated with large areas of 

soas (1 O~S.).SO~IS rriable, permeali~o, and be as sources Of igneous and 
drained. On verv s t e m  slooes ~ rob rb lv  sliehrlv to modeialelv VolCBnic rock' . . . .  . - .  
developed, neutral to acid, moderately shallow to moderately Soiln probably mainly very shallow to moderately deep CL on 
deep, moderrteiy to rapidly pcimeabic, medium-textured (and in sfeep slopes; Locally moderately deep MH on upper s lope  and 
the subsoil gravelly). On same Less steep upper sloper modcr- crests. 
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Land Wons (Plate 16).-Isolated hills and ridges on basement 
racks or volcnnia rising 30D-1000 ff above surrounding sedi- 
mentary areas. Ridgc crests knife-edged to  very narrow or fiat- 
topped, side slopes very sleep and in p l~ccs  prcdpitous; small 
slumps common. 

Terrsio Parrmotars.-Altitude: 300-1500ft. Relief: high 050  fl). 
Characteristic slope: very steep (40'). Grain: fine (840 ft). 

Sn~amn and ~rainapc.-hpart from gullies, no streams; well 
drsinod. 

Goolosu.-Ieneous basement rocks (sabbro) and volcanios 
cormiog windows in areas of sedimentary racks. 

Vegefstbn.-Mainly mid-height forests With irregular canopies 
(Fmi, Fmoi), accariona11y ,vith Albirio (FmA). 

soiis (4 obs.).-Probably maderatciy devolapcd, acid, madcratsiy 
shallow to deep, moderately permeable, h o -  fa medium-tmlurod. 
Probably very shallow on sreeoest slopes and strongly developed, 

strongly acid, deep, and fine-textured an wider crests and less 
sfeeg upper slopes. All soils probably well drained. 

Nitrogen contents probably law to maderate, phonph&te very 
LOW to low, potash low to very high. 

Population and Land Use.-Nil. 

Forest Resources.-Moderate. Moderate stocking rate forests 
(Fmi, Fmoi) cover 74% (58 %, 16%) and low stockins rate farest 
(FmilFmi') a further 9%. Acccss vory poor to d l  due to domin- 
ance of very stoep slopes rnd topogra~hic isolation. 

Agricultural As.cnnmcnt.-Lsrgeiy because of rugged topo- 
graphy, but also because of modcrafe sail depth m d  low soil 
fertility, very low capability for tree crops m d  improved ~astures. 

Soils probably MH, CH, m d  CL; probably mainly moderately 
deep to deep, but shallow on steepest slops. 

Land Forms (Plate 20).-~endritic pattern of massive mountain 
ridgu wilh kaifoedgcd to very narrow crcsts. Slopes vcry steep 
m d  straight but commonly steepenins at base. Landslide scars 
common. 

Terrain Paramet~rs.-Altitude: 900L6000 ff. Rciief: very high 
(2000 fl). Charrcferistic slope: very steel, (35-4O0). Grain: 
coarse (2000 ft). 

Streams and Drainase.<orrse-texfmred angular strongly fault- 
a d  joint-controlled pattern of first-, second, and third-order 
streams nowing with rapids in shallow rocky or bouldery channels 
in very narrow rock-cut valleys. Larger streams have dis- 
continuous bauldsr and gravc1 tcrraccs. Well drained. 

Geology.-Basic igomus rock, probably mainly granodiorite, 
gabbro, and diorite. 

rapidly permeublq and medium-textured. Probably very shallow 
soiis and rack outcrop an stccpwt slopes, strongly drvclopcd, 
strongly acid, deep to "cry dccp, moderately porrneablc, fino- 
fexfuredsoils on wide1 crests. All soils wen drained. 

Nitrogen contents probably generally low, phorphale very low, 
potash mostly high. 

Population and L a d  Use.-Nil. 

Forest Resources.-Low. Moderate stacking rafe forests (Frni. 
Fmai, Fm) cover 37% (19%, 15%, 3%) and low stocking rafe 
forcrt (FmiIFmi') covers 7%. Access nil due to dominance of 
very steep slopcs and topographic isolation. 

Agricultural kssesament.-Nii capability. 

. .. 
for entablirhment of road comections between coast and Sepik 

V~gefation.-Mid-heighf forest With rather dark-toned, rather and bs inroad planaiog, If any 
even canopy ( ~ m )  on crests and upper slapcs, mid-height forcstr wece bct.d in tho vicinity, it be major source of ruitRblr 
with irrcwlar canopios (Fmi, Fmoi) on middle and iowcr slopos. road.buiiding 
and cosunrino Danrrono stands (Cr) on landslides forming 
characteiistic vegetation pallern. Soils mainly CL, although pos~ibly some SC on coarser- 

grainod rocks, some GC subsoils, and some MH on upper slopes 
Soils (2 obs.1.-Likdy to be slightly to moderately developed, and crests; vew shallaw to moderately deep, 'locally deep on 
acid to weakly acid, shauow to moderately deep, moderately fa crests. 



PART IV. CLIMATE OF THE VANlMO AREA 

(a) Principal Cli~nafic Features 

The climate of the area falls within Koppen's (1931) tropical rain forest (Af) 
classification or Thornthwaite's (1931) wet tropical type (AA'r). 

Mean annual rainfall is 105 in. on the coast at Vanimo and tends to decrease to 
80-90 in. inland, and exhibits a seasonal pattern in that May-October is generally 
drier than the remainder of the year. This apparent coastal-inland gradient is slightly 
more marked in the dry than in the wet season but, as seen below, appears to be 
interrupted on the southern fall of the coastal range. 

Temperature ranges are minimal. Mean annual temperature is about 80°F with 
virtually no seasonal variation and the diurnal range is about 14 degF. 

(b) Cii~natic Controls 

The broad climatic controls operating in this region are similar to those des- 
cribed by McAlpine (1972) for the area directly adjoining to the east, except that the 
east-west rainfall gradient anomaly found in that area may not hold here. 

The major variations from these broad-scale controls are caused by the influence 
of local circulations which result mainly from the orographic effect of the coastal 
ranges and the Bewani Mountains. 

(c) Clinlatic Records 

Temporally climatic data for the area, apart from those for Vanimo, consist of 
only short and frequently interrupted periods of daily rainfall data (Table 3), hence 
the erection of standard periods for analyses is not possible. Vanimo is the only 
station within the area for which data other than rainfall are available. Spatially all 
stations are situated in the west along the West Irian border (Fig. 6). Data for 
Amanab and Imonda, lying slightly to the south of the survey area, have also been 
included as they consist of a somewhat longer record than other inland stations. 

This situation makes climatic interpretation difficult and possibly unreliable in 
detail. For this reason detailed data for Vanimo only are presented in tabular form in 
this report. Other stations have been subjected to the same analysis as Vanimo but 
comment is made only when a clear difference from the tabulated data is apparent. 

* Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 



(a) Rainfall 

Mean monthly and annual rainfall data for the various stations in the area are 
given for the full length of record in Table 3. Their spatial distribution is indicated by 
means of histograms in Figure 6. Mean annual rainfall is highest on the coast at 

Fig. 6.-Location of rainfall recording stations, with years of records and 
annual distribution of rainfall (in.) (January-December). 

Vanimo, where it is 105 in., decreases inland to 80-90 in. at Ossima and Imonda, but 
rises again to 100 in. further south at Amanab. Thus, within the area surveyed there 
seems to be a coast-inland rainfall gradient. However, this gradient appears to be 
interrupted at Ossima where a somewhat lower annual rainfall is experienced. The 
effects of this interruption are mainly confmed to the "wet" season (i.e. November- 
April). Vegetation evidence (Part VII) indicates that this e k c t  is even greater west of 
Ossima. The explanation for this interruption may lie in the orographic effects of the 
Coastal Range. This range rises to about 2500 ft just north of Ossima, but reaches 
4000 ft to the west. 
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MEAN MONIlILY AND ANNUAL RAINFALL (IN.) WlTH HIGHEST AND LOWST ANNUAL RAINFALL ON RECORD 
- 

Length 
Station Elevation of Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual Highest Lowest 

(ft) record 
(w) 

Amanab 1200 8* 9.48 9.08 9.25 7.91 8.28 5.37 4.78 8.87 8.01 8.96 10.35 9.34 99.68 124.20 87.58 

Imonda 1100 61- 8.52 8.06 10.83 7.51 6.55 3.26 4-17 6.66 8.68 6.27 8.71 8.42 87.64 96.90 77.79 

Ossima 275 7 7.56 5.98 6.32 8.76 7.06 5-53 6.04 5-83 6.95 6.04 6.68 6.63 79.38 96.90 68.24 

Pagei 575 5i' 10.48 7.97 10.04 9.96 9.36 6.78 4.99 8.32 6.00 7.37 8.23 8.52 98.02 103.05 87.19 

Vanimo 10 17 10.67 11.25 13.40 9.54 6.98 6.61 7.30 6.12 7.66 6.05 7.55 11.93 105.06 126.40 82.16 k 
2: 

*Only 7 years complete. t Only 4 years complete. 5 z 
TABLE 4 

VARIABIUTY OF MONTHLY RAINPALL (IN.) AT VANIMO (195248) 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Higbestrainfall 17.22 23.61 34.63 17.07 11.24 14.80 15.37 11.09 16.15 10.93 12.66 26.64 146.52 

Upper quaxtile 14.14 13.24 18.42 12.70 8.41 7.43 9-09 7.66 8.98 7.06 9.63 13.53 110.37 

Median 11.61 10.34 9.90 10.08 7.56 6.21 7-45 6.12 7.03 6.23 6.93 11.79 109.05 

Lower quartile 6.77 8.17 8.03 6.82 4.66 4.30 4.82 4.39 5.32 4.71 5.60 7.41 95.08 

Lowest rainfall 3.72 3.77 6.19 2.56 3.10 1.92 1-22 2.66 2.83 1.69 3.62 4.43 73.51 
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The monthly rainfall data in Table 3 also indicate the seasonal pattern of rainfall 
referred to earlier. At Vanimo the wet season falls are approximately twice those of 
the dry season. Elsewhere, especially at Ossima, seasonality is less marked. 

The variability of annual rainfall (expressed by the standard deviation as a 
percentage of the mean) is 17 % at Vanimo. Further measures of monthly and annual 
variability are presented in Table 4 which indicates a greater interquartile and total 
variability in the wet season. Records are too short at other stations for the derivation 
of reliable measures of variability. 

No direct measure of rainfall intensity is available. Table 5 presents the per- 
centage frequency of rain days per quarter with rainfall within specified classes for 
Vaninio. Falls of over 2 in. are more common in the wet season than in the dry 
season and the highest daily rainfall on record at Vanilno is 12.16 in. recorded in 
September 1955. Similar analyses for other inland stalions indicate a similar seasonal 
pattern but generally daily falls tend to be lighter. Apart from Vanimo, Pagei is the 
only station to record a fall of over 6 in. for the period considered. 

TABLE 5 
PERCENTAGE FREQUENCY OF DAYS PER QUARTER 

wml RAINFALL .L SPEClPlBD CLPSSES FOR VANlMO 

Amount Jan.- Apr.- July- 0ct.- 
(h.1 Mar. June Sept. Dec. 

While Table 5 already gives some impression of the relatively rainy nature of the 
climate this aspect is shown more clearly in Table 6. This table gives the average and 

TABLE 6 
LENGTHS OF RAINY AND RAWLESS PERIODS PER QUARTER FOR VANMO 

Jan.- Apr.- July- 0ct.- 
Mar. June Sept. Dec. 

- ~ 

Mean length of rainy periods (days) 2.9 2.4 2.2 2.4 
Longest rainy period (days) 32 14 9 23 
Percentage of rain days 59.0 50.3 48.0 52.6 
Meanlength ofrainless periods (days) 2.0 2.4 2.4 2.2 
Longest rainless period (days) 9 19 11 12 
Percentage of rainless days 41.0 49.7 52.0 47.4 

longest lengths of rainy and rainless periods per quarter, as well as the percentage of 
rain days for Vanimo. Again the seasonal difference in these measures is apparent, 
especially in terms of longest occurrences of rainy and rainless periods on record. 
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A comparison of Vanimo with similar analyses for the short records of the other 
stations indicates that illland a greater number of raiuy days is experienced in every 
quarter of the year and lengths of rainless periods tend to be slightly greater, bnt from 
Table 5 they are associated with generally lighter falls. 

(b) Temperature 

Table 7 indicates the restricted range of mean monthly and other temperature 
characteristics for Vanimo. Here mean annual temperature is 79"F, mean annual 
maximum temperature is 86'F, and mean minimum annual temperature is 72"F, 
giving an average d i ~ u n a  temperature range of 14 degF. This diurnal temperature 
range is considerably greater than the seasonal range of only 2 degF. The highest 
daily maximum temperature on record is 95°F and the lowest daily minimum 
temperature on record is 51°F. 

No other temperature data are available for the area but the greatest variations 
from the Vallimo situation would result from increasing altitudinal position, where 
an approximate overall lapse rate decrease in mean temperature of 3 degF per 1000 ft 
would apply. 

(c) Other Climatic Characteristics 

The monthly average indexes of relative humidity together with estimates of 
evaporation for Vanimo are giveti in Table 8. Humidity is high throughout the year 
and shows little seasonal variation. Early morning atmospheric conditions on the 
footlds and inland plains are frequently saturated or near saturated. Morniug fogs 
are frequent and occasionally persist until mid morning along valley floors. Inland, 
mean monthly dew-point temperatures range from only 2-3 degF above mean 
monthly minimum temperatures (McAlpine 1972). Estimates of evaporalion as 
related to pan evaporation have been derived from mean monthly maximum and 
minimum temperatures, vapour pressure, and day length (Fitzpatrick 1963). Mean 
annual evaporation is 54 in. per annum and shows only slight seasonal variation. 

No sunshine and radiation data are available but Table 8 shows mean daily total 
possible sunshine hours and times of sunset and sunrise at Vanimo. Additionally, 
mean monthly total and low cloud cover are shown for 0900 and 1500 hr expressed as 
a percentage of sky covered. The total amount of cloud cover tends to be slightly 
greater in the wet season than in the dry season, but does not vary greatly from 
0900 to 1500 hr. By contrast the low cloud cover, while not exhibiting the seasonal 
effect, does increase from 0900 to 1500 hr. 

Estimates of soil moisture regimes presented here have been derived from a 
computer simulation of a simple water balance model.* Essentially the model is 
designed fo give estimates of week to week changes in available soil moisture 
using estimated evapotranspiration as withdrawals and weekly rainfall inputs. 
The assumed maximum soil moisture storage (field capacity) is 4 in. 

* Keig, Gael, and McAlpiue, 1. R.-WATBAL-A compute1 system far the estimation and 
analysis of soilmoisture regimes from simple climatic data. CSIRO Aust. Div. Land Res. tech. Memo. 
No. 6919 (unpublished). 



TABLE 7 
MEAN MONTHLY TEMPERATURE CHARACTERlSTICS (%) FOR VANIMO (195268) 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Highest daily 
maximum 90.0 89.5 91.3 95.0 92.0 91.0 90.4 92.0 91.0 93.1 90.6 90.6 95.0 

Meanmaximum 85.9 85.9 86.0 86.6 87.3 86.2 85.5 86.1 86.2 86.6 86.8 86.4 86.3 
Mean 78.9 78.6 79.4 79.8 80.4 79.4 78.8 79.4 79.3 79.6 79.8 79.0 79.4 
Meanminimum 71.9 71.3 72.7 73.0 73.5 72.5 72.2 72.7 72.4 72.7 72.7 71.5 72.4 
Lowest daily 

minimum 58.5 59.0 57.7 59.0 59.0 50.5 58.1 59.0 59.0 58.0 58.5 55.0 50.5 

TABLE 8 
R E L A T M  HUMIDITY, EVAPORATION, CLOUD, AND SUNSHINE DATA FOR VANIMO 

- - -- 

Jan. Feb. Mar. APT. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Av. index of relative 
humidity (%)* 

Evaporation (in.)T 
Mean cloudiness (%) 

Total 9 a.m. 
Low 9 a.m. 
Total 3 p.m. 
Low 3 p.m. 

Sunshine 
Length @r/day)f 
Sunrise (hr) 
Sunset (hr) 

*Ratio of average 9 a.m. vapour pressure to saturation vapour pressure at average mean temperature. 
?Estimated by method of Fitzpatrick (1963). 
$Mean daily possible sunshine hours. 
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The results of the application of the model are presented for Vanimo only. The 
same model has been applied to the other stations in the area but their rainfall records 
are too short to produce reliable summary statistics. Nevertheless, where differences 
from the Vanimo regime are marked these are indicated. 

Figure 7 presents a smoothed mean weekly soil moisture storage curve for three 
stations. The plot for Imonda indicates that this station may tend to have a somewhat 
lower level of soil moisture storage during the dry season than Vanimo. On the other 
hand, the station with the lowest annual rainfall, Ossima, varies most from Vanimo 
in the first quarter of the year. 

Fig. 7.-Mean weekly soil moisture storage, 

These curves represent only mean weekly conditions and do not in themselves 
portray the risk of serious soil water deficits that might influence plant growth and 

TABLE 9 
MEAN NUMBER OF WEEKS AT VANIMO WITR S O U  MOlSTURe 

STORAGE AT SPBCIPLED LEVELS TOGETfER WITH MAXIMUM AND 

MINIMUM QUARTERLY LEVELS ON RECORD* 

Storage levels 
Full 1-49% 5&99% Empty 

Depleted Depleted 

Jan.-Mar. mean 
Max. (1959) 
Min. (1967) 

Apr.-June mean 
Max. (1962) 
Min. (1952) 

July-Sept. mean 
Max. (1963) 
Min. (1952) 

0ct.-Dec. mean 
Max. (1964) 
Min. (1956) 

* Year of occurrence in parenthesis. 

production. An indication of this facet is given in Table 9, where a frequency dis- 
tribution of mean soil moisture storages for Vanimo is presented. As can be seen, 
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complete depletion has not occurred at Vanimo for the length of record considered 
and depletion below 50% is rare in all quarters. There is only a sligbt increase in 
depletion in the dry season. The maximum and minimum variations from the mean 
values at Vanimo can also he seen in Table 9. 

The situation for the other stations indicates that inland the seaso~~al contrast 
is a little more apparent than at Vanimo. Depletions of 1-49 % are more common 
at Ossima in the first quarter of the year and in the third quarter at Imonda, where, 
additionally, depletions of 50-99 % occur in  about 15% of the weeks in the record. 

The residual term in the water balance model, after evapotranspiratio~lal and 
soil moisture storage requirements have been met from weekly rainfall, is water 
surplus. This may be regarded as an estimate of a combination of surface run-off and 
deep percolation. The mean annual water surplus for Vanimo is 60 in. per annum and 
inland, for the record considered, it varies from 37 in. per annum at Ossima to 54 in. 
per annum at Amanab. 
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PART V. GEOLOGY AND GEOMORPHOLOGY OF THE VANIMO AREA 

By E. LOFPLER* 

I. INTRODUCTION 
The Vai~imo area is situated in the north-west corner of Papua New Guinea and 

extends from the north coast to the watershed between the Sepjk River system and the 
coastal drainage system. The area contains a narrow coastal plain, two extensive 
alluvial plains, a roughly east-west-directed belt of coastal ranges rising up to 3950 ft, 
an intermontane zone of hills and fans, the intermontane lowlands, forming a tectonic 
and topographic low south of the coastal ranges, and the inland ranges (Fig. 3) which 
are a part of the "northern ranges" (Carey 1938) of New Guinea and which rise 
to 6280 ft. These main physiographic regions include a variety of land forms and rock 
types (Fig. 8). 

Geologically the area is part of the "northern sedimentary basin" of New 
Guinea (Osborne 1956) and is dominated by Tertiary and younger sediments. 

11. LAND FORMS AND PHYSIOGRAPHIC REGIONS 

(a) The Coasfal Plain 

The coastal plain forms a belt up to two miles wide in front of the steeply rising 
coastal ranges. In the east, between the Bliri and the Pual Rivers, it consists mainly of 
a sequence of beach ridges and swales, behind which are brackish back swamps 
connected to the sea by narrow overflow channels (Nubia (2) and Leitre (3) land 
systems; Plate 1, Fig. 2, Plate 6). The sequence of beach ridges is generally 1300-1600 
ft wide; the back swamps have an average width of 300M500 ft. Only the four largest 
streams draining the eastern coastal ranges cross the coastal plain in conhed 
meandering channels. All the other streams drain into the swamps. 

In the west the coastal plain consists of narrow raised coral platforms (Madang 
(1)) which generally slope gently up from the sea to about 8 ft, although near Vanimo 
airstrip a 6.5-ft-high cliff has been forlned. West of Vanimo a 300-ft-wide belt of 
coral reef which rises slightly above the high-tide level separates the coastal plain 
from the open sea (Plate 2, Fig. 1). 

(b) The ANuvial Plains of fhe Major Rivers 

The alluvial plains of the two main rivers of the area, the Pual and Bliri, cross 
thecoastalplainandextend upstream to the foot of the Bewani Mountains (Pual(10)). 
The alluvial plains consist of the present flood-plains and wide alluvial plains which 
may be subdivided into up to three terraces. The rivers are mostly 250-400 ft wide, 
locally they reach 800 ft and their flood-plains are 300-2000 ft wide. The flood-plains 
are 5-8 ft above the low-water level and are periodically flooded during tbe rainy 
season. The lowest terrace or alluvial plain is 150-2000 ft wide, lies 5-8 ft above the 

* Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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flood-plain, and seems to be slightly above the normal flood level. If a second terrace 
is developed it lies 3-6 ft above the lowest and is 65LL1000 ft wide. This terrace does 
not appear to be covered by present-day floods. A third terrace, 20 ft above the 
second, was observed at one locality. The edge of this terrace is densely dissected by 
gullies that have cut hack 100-200 ft into the terrace. 

(c) Tlze Coastal Ranges 

The coastal ranges consist of a WNW.-directed zone of mountains and plateaux 
rising steeply from the coastal plain or from the sea (Plates 6 and 19). They are 
subdivided by the alluvial plain of the Pual River, which forms a topographic and 
structural low, into a smaller eastern part called the Serra W s  and a larger western 
part comprising the Oenake Mountains, the Ijapo Hills, and the Kohari Hills. 

The Serra Hills form a belt 1.8-3 miles wide of rugged country lying between the 
Bliri and Basu Rivers. To the north they are generally bounded by steep escarpments, 
while lo the south the transition to the lower country of the intermontane trough is 
gradual, except at the eastern end. The altitude of the range lies between 600 and 
1300 ft, except south of Leitre where it rises to a maximum of 1600 ft (Fig. 4). 

The eastern part of the Serra Hills constitutes a plateau with steep margins to 
the north, east, and south (Serra (36); Plate 19). The plateau surface is characterized 
by a pattern of conical to hemispherical low hills surrounding deep sink holes. The 
plateau is further subdivided by some prominent scarps which are fault-controlled. 
Towards the west the karst features gradually disappear and the plateau surface 
changes to an irregular pattern of mainly short low ridges and undulating areas 
(Limio (30)). Structural lineations are still present but are less prominent than further 
east. The transition to the intermontane trough in the south is here gradual and 
consists of a heterogeneous belt of low broad ridges with short closely spaced spurs. 

The coastal ranges west of the Pual plain consist of a heterogeneous group of 
mountains, plateaux, and hills extending up to 18 miles inland. The alluvial plains and 
fans of the upper Pual and Bewani river systems form the well-marked southern 
boundary of these coastal ranges. 

The Oenake Mountains rise steeply from the sea or narrow coral platforms and 
extend as a 5-9-mile-wide range from the lower Pual plain in the east to the lower 
Tami plain in the west. Some of the coral platforms have been uplifted up to 300 ft 
above sea level (Musu (34)). However, there are no continuous levels which indicate 
that the tectonic movements differ considerably from place to place. The eastern 
part of the Oenake Mountains comprises limestone plateaux with few karst features 
and rather flat to undulating surfaces. They are bound by low scarps. Towards the 
west follows an area where karst hills and dolines, as in the eastern part of the Serra 
Hills, are the dominant land forms. The western part of the Oenake Mountains 
consists of a single ridge with steep slopes to the coast in the north and the Mossu 
valley in the south. The range culminates in Mt. BougainvilIe at 4000 ft. West of the 
international border the range slopes down rapidly to the Tami plain. 

The western part of the Oenake Mountains is separated from the Ijapo Hills by 
the steeply incised Mossu valley which drains into the Tami plain. The Ijapo Hills 
comprise a he-grained pattern of low to moderately high hills (Ijapo (28); Plate 18); 
they are bounded by the Jassi River, a tributary of the Pual River, to the east and the 
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Jabir River which drains into the Jassi River to the south. To the west they plunge 
into the Tami plain (outside the area). 

The Kohari Hills are situated south of the Ijapo Hills and consist of a plateau 
remnant with steep margins to all sides. The plateau surface shows well-developed 
karst features (Kohari (35); Plate 18). 

(d) The Intermontane Lowland 
The intermontane lowland or trough, 9-16 miles wide, lies between and parallel 

to the coastal ranges and the Bewani Mountains. It consists of two parts, a hetero- 
geneous pattern of subparallel to dendritic ridges in the east (Isi (15) and Fivuma (16); 
Plate 3, Fig. 1; Plates 8 and 11) and a mainly flat to gently undulating plain in the 
west (Po (9), Pual (lo), and Pagei (11); Plate 3, Fig. 1; Plates 7 and 10). 

The ridges in the east have a local relief up to 300 ft that decreases gradually 
towards the Bliri and Pual plains. The highest area is represented by the Fivuma 
River-Sereri River watershed which reaches a minimum of 600 ft and forms a broad 
saddle between the Serra W s  and the Bewani Mountains (Fig. 4). 

The flat to gently undulating section of the trough further west forms a strong 
contrast to these ridges. Here most of the trough is occupied by a system of coalescing 
fans (Pagei (11); Plates 7 and 10) which extend from the foothills of the Bewani 
Mountains. Near the West Irian border the fans form a continuous, nearly undis- 
sected plain connecting the Bewani Mountains and the Kobari Hills. Further east 
along the middle course of the Pual River the fans are dissected and end with a 
100-115-ft-high scarp above the flood-plain of the Pual River. The fans range in 
altitude from 600 ft near the mountain front to 300 ft near their dissected frontal part. 

(e) The Inland Ranges 
The inland ranges, comprising the Bewani Mountains and an outlier of the 

Torricelli Mountains, are part of the "northern chain" (Carey 1938) of Australian New 
Guinea. They form the watershed between the north coast and the Sepik River system 
and trend generally east-west. The Bewani Mountains are separated by a topographic 
and structural low, the southern continuation of the Pual plain low, into the western 
and eastern Bewani Mountains. At their eastern end they bend south-eastwards and 
join up with the Torricelli Mountains. 

Along a series of prominent fault scarps the Bewani Mountains rise sharply from 
the intermontane trough. North of the watershed they consist generally of three belts, 
a 0.6-2-mile-wide belt of foothills with a moderate relief and a he-grained topo- 
graphy, an up to 35-mile-wide belt of high broad ridges with a coarse-grained 
topography (mainly Piore (25); Plate 16), and the core of the Bewani Mountains which 
consists of massive, very high, and coarse- to very coarse-grained mountain ridges 
(Somoro (39); Plate 20). The maximum elevation of the range is 6280 ft. 

111. GEOLOGY 

(a) Previous Investigation 
The earliest geological work in the area was done in 1910, when a team of 

German scientists surveyed the border area between what were then the Dutch and 
German territories (Schultze-Jena 1914). Schultze-Jena described the main features 



of the area, with the coastal ranges of Quaternary to Tertiary reef limestone in the 
north, the main mountain ranges which he called Bewani Mountains to the south, 
consisting of a basement core and flanking Tertiary sediments, and the extensive 
alluvial plain in between consisting of Recent sediments. 

In 1928-29 Nason-Jones carried out a geological survey around Vanimo and set 
up an initial stratigraphical classification (Nason-Jones 1930). However, not until 
1940 was the whole area systematically explored, when Osborne* and his team 
surveyed the Aitape-Vanimo area using air photos for the first time. Osborne founded 
a sound stratigraphical classification on which most of the later work has been based. 
Recently Marchant (1969) carried out a "photogeological assessment" of the northern 
New Guinea basin north of the Sepik River. 

(b) Stratigraphy 

The Vanimo area forms part of the "Northern Sedimentary Basin of New 
Guinea" (Osborne 1956) and consists mainly of upper Tertiary sediments uncon- 
formably overlying uppermost Cretaceous and lower Tertiary sediments or crystalline 
basement (Fig. 9). 

(i) Basement.-Basement rocks are exposed in the highest part of the Bewani 
Mountains where they form a distinct topography of massive mountain ridges. Some 
small outcrops of basement have also been reported from the Serra Hills and the 
Oenake Mountains (Schultze-Jena 1914; Osborne, unpublished data*). The most 
common rock types are diorite, granodiorite, and gabbro. Some schist and serpentine 
have been found in the Mossu valley (Schultze-Jena 1914) and in the Serra Hills.* 
The basement rocks are considered by Osborne to be at least upper Cretaceous and are 
everywhere separated from the overlying sediments by basaltic lava flows. 

(ii) Eocene to Lower Miocene.-The basement complex is overlain by a varied 
succession consisting of basalt lavas, limestone, mudstone, agglomerate, conglomerate, 
and greywacke overlain by carbonaceous siltstone, mudstone, sandstone, and some 
thick reef limestone. This sequence of sediments was called Bliri River beds and 
ranges from Eocene to lower Miocene.* Their total thickness amounts to 10,000- 
18,000 ft. 

These Bliri River beds crop out in the Bewani Mountains where they form a 
belt of mountain ridges next to the basement core. They also form parts of the 
Oenake Mountains and the Ijapo Hills where reef limestone is the dominant rock 
type. They do not occur in the Serra Hills. 

The Bliri River beds are strongly faulted and folded in the Bewani Mountains, 
while in the coastal ranges they are only little disturbed. 

(iii) Middle Miocene to Upper Miocene.-The Bliri River beds are overlain by the 
rocks of the Barida formation in the east and by the Puwani formation in the west. 
The transition is gradual. The 3000-ft-thick Barida formation consists mainly of 
white glohigerina limestone with local pockets of calcite and tuff, marl, sand, and 
volcanic agglomerate, while the 1200-ft-thick Puwani formation consists mainly of 
reef limestone and foraminiferal marl. 

* Osborne, N. (1942).-The geology of the Aitape area, Permits Nos. 1 and 3, Territory of New 
Guinea. Report for Australasian Petroleum Cornpauy Pty. Ltd. (unpublished). 
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The two formations crop out along the Bewani Mountain front generally north 
of the B h i  River beds. A large area in the Serra Hills south of Leitre is also part of 
this sequence although they cannot be separated from the surrounding Pliocene 
sediments on the air photos. 

(iv) Pliocei1e.-The Pliocene is represented by a 12,00&15,000-ft-thick sequence 
of alternating marine and non-marine sediments. The lower Pliocene rocks (Neni 
Group, Smoky Mudstone Group after Osborne) overlie the upper Miocene sediments 
conformably but with a well-defined boundary. They consist dominantly of fora- 
miniferal marl interbedded with thin layers of sandstone, siltstone, and mudstone. 
These beds crop out in a narrow belt along the Bewani Mountains front. The over- 
lying middle Pliocene sediments (Romi formation after Osborne") are also mainly 
marine, the most common rock type being soft blue-grey marl. Mudstone and 
siltstone occur as local facies particularly close to the coastal ranges. These middle 
Pliocene beds cover a large proportion of the survey area forming the eastern part of 
the intermontane trough as well as most of the southern slopes of the coastal ranges. 

The limestone of the Serra Hills and of the eastern half of the Oenake Mountains 
and the Kohari W s  is thought to be a lateral facies of the Romi formation;* the 
transition from limestone to mudstone and marl is gradational and it is sometimes 
difficult to determine the boundary between the two rock types on the air photos. 

The Rolni formation is overlain by a sequence of terrestrial sediments consisting 
of thick beds of conglomerate, some grit, sandstone, and non-calcareous mudstone and 
siltstone. These sediments are the youngest which took part in the orogenesis of the 
Bewani Mountains. They crop out in small areas in the foothill zone of the Bewani 
Mountains. 

(v) Quaternary.-Pleistocene beds, 100-150 ft thick, overlie the Pliocene 
sediments with an unconformity. They consist of flat-lying gravel, sand, and silt and 
cover large areas in front of the mountains. The most extensive outcrop is in the 
western part of the intermontane trough where Pleistocene fan sediments extend from 
the Bewani Mountains to the Kohari Hills forming a nearly undissected plain. 

Some of the raised coral of the Serra Hills and particularly of the Oenake 
Mountains appears to be very young and therefore is thought to be of Pleistocene age. 
Pleistocene coral limestone was also recorded by Schultze-Jena (1914) and Zwierzycki 
(1927) from the former Dutch part of the Oenake Mountains. 

(c) Structure 

The main structural element of the area is the roughly west-east-directed 
Bewani-Torricelli fault system. The faulting and uplift of the Bewani and Torricelli 
Mountains which started in the upper Pliocene were especially strong along the 
north-facing front of the present mountains and produced a system of strike faults 
which are thought to be high-angled tbrusts. These generally WNW.-W.-striking 
faults are crossed by transcurrent faults mostly having a NE.-E. and a NW.-W. trend. 
A significant feature in the fault system is the offset of the Bewani system northward 
from the Torricelli system which finds a clear topographic expression. 

* Osborne, N. (1942).-The geology of the Aitape area, Pe~mits Nos. 1 and 3, Territory of New 
Guinea. Report for Australasian Petroletun Company Pty. Ltd. (unpublished). 
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The coastal ranges which probably formed "stable areas or shelf during the 
evolution and folding of the geosyncline"* are thought to represent uplifted antiforms. 
The trend of the major strike faults and cross faults in the coastal ranges is generally 
parallel to that of the Bewani Mountains. 

IV. GEOLOOICAL. AND GEOMORPHOLOGICAL HISTORY 
The geological history of the area can be traced back to the early Tertiary or 

possibly late Cretaceous when the "Bewani Geosyncline"* which extended from the 
present north coast to the present main cordillera started to develop. Osborne 
considers that most of the area was dry land and possibly part of a continental mass 
during most of the Mesozoic. Intensive volcanic activity took place from the begin- 
ning of the geosyncline to the lower Miocene, covering large areas with lava flows. 
The volcanic eruptions alternated with deposition of limestone and other sediments. 
According to Osborne* there probably is a major break in the Oligocene, but as the 
stratigraphy has not yet been fully established the existence of such a break must 
remain doubtful (Marchant 1969). The volcanism decreased during the early or 
middle Miocene. 

Subsidence of the geosyncline continued during most of the Miocene and reef 
limestone developed in favourable areas and terrigenous material was deposited in 
other places. Periods of emergence and subsidence of the geosyncline resulting in 
deposition of an alternating sequence of marine and non-marine sediments characterize 
most of the Pliocene. 

At the upper Pliocene the framework of the present landscape became visible. 
In the north, parts of the coastal ranges formed positive areas during most of the 
Pliocene and contributed sediments to the geosyncline. In the south, the basement 
area was also elevated relative to the geosyncline. - 

At the end of the Pliocene the main uplift of the Bewani Mountains and the 
I coastal ranges began and the geosyncline in between, the remnant of which is the 

present intermontane trough, rose above sea level, receiving a large amount of 
terrestrial sediments from its rising margins. Most of the intermontane trough 
became covered by fan material and so a continuous system of coalescing fans 
extended all over the intermontane trough. 

In the Bewani Mountains the uplift and faulting were particularly strong as 
shown by the occurrence of nearly vertically dipping sediments, large-scale offsets, and 
numerous prominent fault scarps. 

In the coastal ranges the uplift was less rapid than in the Bewani Mountains and 
took place mainly along broad anticlinal axes. Along with the uplift went the 
exposure of the limestone to the atmosphere and the start of the karst development. 

In the intermontane trough later uplift and faulting in the eastern part accom- 
panied by increased erosion destroyed the alluvial fans and created the heterogeneous 
pattern of subparallel to dendritic ridges. Some fan remnants have been preserved 
mostly as flat-topped ridge crests, but the largest remnant of approximately 2 sq miles 
forms a low plateau between the Piore River and its tributary the Fivuma River. 
This plateau has probably been preserved because it is situated in a tectonic graben. 

* Osba~ne, N. (1942).-The geology of the Aitape area, Permits Nos. 1 and 3, Territory of New 
Guinea. Report for Australasian Petroleum Company Pty. Ltd. (unpublished). 



The western part of the intermontane trough was little affected by later tectonic 
events and most of the fan system is still present. In recent times the fans have been 
dissected by headward erosion from the tributaries of the Pual and Puwani Rivers. 
Thus the fans which once formed a continuous piedmont plain between the southern 
slopes of the coastal ranges and the northern slopes of the Bewani Mountains-as 
they still do in the watershed area of the Pual-Bewani fiver systems-have gradually 
receded to the south. They end at present with a marked, generally 115-ft-high front 
against the alluvial plain of the Pual River on the undulating country formed by the 
exposed Pliocene marls. This indicates that the fans are fossil. 

(a) Earthqualies 

Earthquakes are common in the area. Brooks (1965) has concluded that the 
Torricelli Mountains and the eastern Bewani Mountains are likely to be affected by 
10-20 shocks of magnitude 6 or greater per square degree per century. The geo- 
morphic effects of the earthquakes that occurred in this century in the Torricelli 
Mountains and the Bewani Mountains have been recently discussed in detail by 
Simonett (1967). 

The strongest earthquake recorded was in 1935 with the epicentre north of 
Lumi. The immediate results of this earthquake were rapid mass movements in the 
form of landslides. These caused local damming of valleys and subsequent catastro- 
phic flooding. According to Simonett (1967) landsliding was more frequent in base- 
ment areas than in sedimentary areas. In the Vanimo area.only the eastern Bewani 
Mountains were noticeably affected by the earthquake, in particular the Bewani- 
Torricelli saddle. Simonett (1967) calculated that a volume of about 1.7 x lo5 cu yd 
of earth was removed as a result of the earthquake in the basement area of the 
eastern Bewani Mountains. 

(6) Denudation Processes 

(i) Landslides.-The most effective and rapid denudation process in the area is 
landsliding. Soil, subsoil, and weathered rock as well as the forest cover are stripped 
off the very steep slopes leaving behind avalanche trails that show up clearly on the 
air photos. Landslides are most common in the basement area. Many landslides are 
caused by earthquakes (see above); but they are also common in areas that have 
recently been little affected by earthquakes such as the headwaters of the Bewani and 
Puwani Rivers. Here the major cause seems to be rapid headward erosion of the 
streams and consequent undercutting of slopes. Heavy rain storms and falling trees 
may also be responsible for initiating some landslides. 

(ii) Slumps.-While the above-described mass movements of the debris 
avalanche type are most common in the basement area, slumps with a marked 
backward rotation are very frequent in the areas of sedimentary rocks, except 
limestone. In the marl and mudstone country of the intermontane trough slumps often 
cause a chaotic macro and microrelief. Vertical displacements can range from a few 
feet to 150 ft. The size of the slump benches varies similarly between a few square feet 
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and 54,000 sq ft. However, sizes in the order of 200-2000 sq ft can be regarded as the 
norm. The main cause for slumping is, as for landsliding, undercutting of slopes by 
gullies and streams. 

(iii) Gullies.-Gullies are narrow channels with very steep to nearly vertical 
side slopes. They are mostly deeper than wide or at least as deep as wide and have in 
general no permanent water flow. They normally start on the middle slopes, rarely on 
the upper slopes, and join up on the lower slopes where they frequently form small 
streams. Gullies were observed in all land systems but they are most frequent in the 
marl and mudstone areas, where they are mostly 60-150 ft apart and up to 30 ft deep. 
Gully heads often join up with slumps and seem to cause most of the slumping. 

(iv) Soil Creep.-The importance of soil creep as a denudation process in 
mountainous areas of the humid tropics was recognized by early explorers (Behrmann 
1924; Freise 1935-36; Sapper 1935). In the Vanimo area soil creep indicated by 
curving tree trunks and terracettes is widespread. It was observed on nearly all slopes 
that exceeded 30°, regardless of the rock type. On slopes under 30" a certain relation 
between the occurrence of soil creep and type of rock was observed. On limestone and 
basement no indications of soil creep were found below 30°, on sandstone and siltstone 
the lower limit for soil creep was on slopes of about 20", while on marl and mudstone 
slopes of 10" form the lower limit. 

(v) Slope Wash.-It has been widely believed that slope wash directly caused by 
rainfall is of minor importance for slope processes under primary forest in the humid 
tropics. Recent investigations in north-east Papua, however, showed that slope wash 
can be an important process of erosion on slopes of over 5" (Ruxton 1967). In the 
Vanimo area, evidence of slope wash such as exposed roots, stow of leaf litter behind 
larger tree trunks, and hollows at the downhill-facing side at the tree base has been 
observed on slopes of over 10". However, there are also a significant number of 
observations where no signs of slope wash have been observed in spite of great slope 
steepness. Therefore it is difficult to assess the significance of slope wash in this area. 

(vi) Fluvial Erosion.-As Behrmann (1924) has already pointed out, the typical 
valley form in mountainous areas of New Guinea is a V-shaped valley with straight 
and steep to very steep side slopes. Basal concavities at the valley slopes are absent. 
This applies to all valleys in the mountains of the Vanimo area. The valley forms 
indicate rapid fluvial erosion and down-cutting. Only the largest streams (Piore and 
Bliri Rivers) erode laterally and have wide flood-plains. 

A dam in the upper course of the Puwani River which was formed in the last 
30 years gives a rough estimate of the amount of sediment transported in a river. A 
volume of at least 3.3 x 106 cu yd of sand and gravel was deposited within this period 
from a catchment of 30 sq miles (Loffler 1970). Most of the material eroded from the 
mountains has been deposited in front of the mountains either as alluvial fans in the 
intermontane trough or as alluvium on the coastal plain. 
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PART VI. SOILS OF THE VANIMO AREA 

I. SOU CLASSIFICATION AND DESCRIPTION 

(a) Soil Classification 

The 167 soil profiles, observed elltirely in auger borings, have been classified 
into subgroups according to the 7th Approximation (United States Soil Conservation 
Service l960), except for the oxisols which have been classfied and separated from the 
dystrochrepts and ultisols according to the writer's own system.? Because of the 
superi5cial nature of the observations and the lack of relevant analytical data, it was 
necessary in some cases to deviate from the literal application of the differentiae used 
in the 7th Approximation. The problems encountered and the manner in which they 
were dealt with are the same as those described in earlier reports (Haantjens 1967, 
1972). 

The subgroups have been labelled with four capital letters (Haantjens 1972). 
Many of them have been subdivided into what are called lowest (category) soil 
classes, wbich have been indicated by a s& numeral, usually in order of increasing 
acidity and profile development within a group. The lowest soil classes have, as nearly 
as feasible, been made uniform in properties affecting their use for practical purposes. 

A tentative correlation of the lowest soil classes of the Vanimo area with those 
of the adjoining Aitape-Ambunti area is presented in Table 10. It should be kept in 
mind that a number of Aitape-Ambunti soil classes, particularly amongst those 
occurring south of the main mountain range, have no equivalents in the Vanimo area. 
In comparison with work done in the Aitape-Ambunti area (Haantjens 1972), slightly 
more acid soils have been included in the entric dystrochepts (IODE) rather than in 
the orthic dystrochrepts (IODO), because this appeared to conform more precisely 
to the 7th Approximation concepts. 

(b) Soil Description 

(i) Pedological Description of Soil Classes.-A brief description, necessarily 
limited in scope by the superficial nature of the observations, of the lowest soil 
classes, grouped according to great group and subgroup, is presented in tabulated 
form (Table 11). In considering this table the following points should be kept in 
mind: 

The single number in column 1 represents the number of observations of the soil 
class. The number(s) preceded by T refers to later tables containing information on 
the occurrence of the soil class as observed in the field. 

*Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
.t Haantjens, H. A. (1965).-The classification of oxisols (latosols). CSIRO Aust. Div. Land 

Res. Reg. Surv. tech. Memo. 6515 (unpublished). 
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TABLE 10 
CORRELATION BETWEEN LOWEST SOU CLASSES OF VANIMO AND AlTAPE-AMBUNTI AREAS 

Vanimo area Aitape-Ambunti area* I Vanimo area Aitap~Ambunti area* 
- 

EAPO 
EPOA 
EPOOl 
EP002 
E m u  
EAYSl 
EAYS2 
EAYOl 
EAYOZ 
M Y 0 3  
EAW 
EAHOl 
EAHOZ 
EAHU 
EAHS 
EUHL 
EUHAl 
EUHAZ 
EUHA3 
EUHA4 
EUHAS 
EUHA6 
EuHOl 
EUH02 
EUH03 
EUH04 
EUHOS 
EUH06 
E m 0 7  
EUHOB 
EUH09 
EUHOlO 
EUHOll 
EUHOIZ 
MUHP 
MUHE 
MUHO 
MR-P 
MR-01 
MR-02 
MR-03 
MR-04 
MR-E 
MR-X 
IAOOl 
IA002 

= EPOA 
moo I 
(EPOO) 
(EUHOZ) 
EAY3 
EAHY1, (BAYS) 
EAYl 
EAY3 
EAY3 
(EAHY1) 
- 

= EAHO 
EAHU2 

= EAHS2 
E m  

@UHAl) 
EUHAl 
EUHA2 

= EUHA3 
EUH.44 
- 

= EUHOl 
EUHOl 

(EUHOI, EUH03) 
EUH02-3 

= EUH03 
EUH034  
EUHOS 

=EUHOS 
- 
- 

=EUHO7 
EUH09 

= MUHP 
- 

(MUHO1) 
MR-01 

= MR-01 
(MR-02) 
WR-02) 
MR-02 
MR-E 
- 
- 
- 

IAUO 
m o  
IOER 
IOEOl 
IOEOZ 
IOED 
IODEl 
IODE2 
IODE3 
10DE4 
IODES 
IODE6 
IODE7 
IODOl 
IOD02 
IOD03 
IOD04 
IODOS 
IODX 
AAOOl 
A.4002 
A.4003 
AUTAl 
AUTAZ 
AUTA3 
AUTA4 
AUTAS 
AUTO1 
AUTO2 
AUTO3 
AUTO4 
AUTO5 
AUTO6 
AUTO7 
AUTU 
UAOO 
UOTAl 
UOTA2 
UOTA3 
UOTOl 
UOTOZ 
UOT03 
UOPA 
OHNT 
OANT 

IAUP 
= IUHOZ 
- 
JOEL 
- 
- 
IODEl 
IODE2 

(=)IODE4 
IODE3 
- 
IODE3, IODES 
- 

(=)IOD02 
IODOl 

=IODOl 
IOD04 
IODOS 
IODX 

(MOO) 
(AAOO) 
(AAOO) - 

= AUTAI 
AUTA3 
AUTAZ 
AUTAZ 
AUTO1 

(AUTOZ) 
AUTO2 
AUTO2 
AUTO2 
- 

(=)AUTO3 
- 

WAOU) 
(UOTA1) 
UOTAZ 

(UOTAZ) 
= UOTOI 

UOTO2 
(UOT03) 
UOPA1-2 

(OAN'W 
OANTI, OANTZ 
UOT05 

*The = sign indicates virtual identity. A class by itself indicates similarity, a 
class in parenthesis indicates some similarity, no class indicates there is no soil class 
even slightly similar at the lowest categorical level. 
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The statements on profle development represent a rather subjective assessment 
based partly on the degree of weathering of the soil material, partly on the degree of 
horizon differentiation, soil acidity, and solum thickness. 

AU features in columns 4 1 1  refer to the solum (A + B horizons) alone, except 
when the solum thickness is nil or very thin (entisol, psammeutic and entic hapludoll) 
and for orthic haplumbrept and orthic umbraquept. In these cases the descriptions 
also refer to any unconsolidated C or D horizons. 

The term dark topsoil refers to any surface A1 horizon with a Munsell value of 
3 or less and an organic carbon content of 0.6 % or more. It includes any peaty surface 
horizon (histic epipedon). 

The matrix colonr refers to the B horizon, or to the ullconsolidated C or D 
horizon in soils without significant solum development, as specjfied above. In MR-0 
and MR-X soils it refers to the lower part of the dark topsoil. 

The gleying description refers firstly to the depth at which gleying occurs, 
secondly to the degree of gleying. 

The primary purpose of column 8 (coarser-textured upper horizon) is to signal 
the possibility that the soil class has a texture B horizon (argillic horizon). Column 8 
is only used when the field texture of the surface horizon is at least one class coarser 
than that of the underlying horizon. The figures in brackets indicate the thickness of 
this coarser horizon. 

The texture in column 9 is excluding anything that may have been written in 
column 8. An arrow indicates a trend with depth. 

The usual consistence is the typical consistence during the drier season of the 
soil material, based on field evaluations. It refers to the texture classes listed in 
column 9. The coarser-textured upper horizon (column 8) always has a softer, more 
friable or less plastic consistence. 

Special features include many properties that appear to have pedological sig- 
nificance bnt are not covered in the previous columns. They are mostly self- 
explanatory. The mentioning of reddish and other bright mottles indicates the poss- 
ibility of the presence of plinthite in varying degrees of development. 

Most descriptive and quantifying terms used in Table 11 have been more 
precisely dehed in Appendix I. Depth-of-gleying classes are the same as thickness-of- 
solum classes. Colour names are based on a grouping of hue/value/chroma 
combinations in a Japanese version of the Munsell colour chart (details available 
upon request). The degree of gleying is based on matrix colour and mottling.* 

Parentheses in column 2 and following are used essentially to record variability 
with the greatest economy in words. For example, (very) thin means thin or very 
thin; (neutral+) alkaline means wholly alkaline or neutral merging into allcaline 
with depth; dark (grey) (brown) means dark grey or dark brown or dark grey-brown; 
(sandy) clay (loam) means clay or sandy clay or clay loam or sandy clay loam. When 
a whole entry is in parentheses the property was observed only in part of the observa- 
tions of the soil class. Parentheses round a soil class name indicate that this name 
does not occur in the 7th Approximation. 

" Haantjens, H. A. (1969).-Agricultural land classiEcation for New Guinea land resources 
surveys, second revised edition. CSIRO Aust. Div. Land Res. tech. Memo. 6914 (unpublished). 



TABLE 11 
SUMMARIZED PEDOLOGICAL DESCRIPnON OF LOWEST SOU CLASSES 

(Refer aha to Part VI, Section I(b)(i)) 

1 2 3 4 5 6 7 8 9 10 11 
Soildass, Proflle Sol- Soil Dark Mabin Gleylng Coar6~~-  Texture Usual Speuml 
No. of obs., dcvelopmcnt fhifhihnesr reaction topsoil ~ a l o u r  tenured conaisiencc fearurea 
Oocvrrence upperhorizon 

Orthfhopsammmfs, aquic 
EPOA Very slight 

1,113 
NeuM-t  Thin 

strongly 
dkalioalio 

Very darkolive Moderately - 
(brown) rhallow, 

modorate 

Sand Loore,non- - 
plastic 

Orthopsamments, orthio 
EPOOl very slight 

1,113 
EPOOZ Nil 

1,115 

Sand Loose - vay thin 

Nil 

Neuvnl Moderately 
thick 

Neutral Thin Loamy sand-+ Loasc - 
gnveliy coane 
sand 

oLfhoprammcc*, "diC 

EPOU Nil 
1.115 

Ps~nmaquenfs, 0rthiC 
PAP0 Very slight 

1,113 

Nil 

vay th in  

Neutral - 

Neutral- Thb 
stronz1y 
alkaline 

Verydarkmy Shallow, strong - Sand Nan-plastic, - 
non-sticky 

Hydraquentr, (histic) 
EAYSl Nil Nil 

Nin 

Neutral - Green.- v e r y m o w ,  - 
strong 

CkY Slightlypiastic, Very dark peaty 
vrtremcly subsoil 
Achy 

Clay saght~yplantis, day 
entrunely deep subsoil 
sti* 

Acid- weakly Thick, peaty 
acid 

Wery)&rk Moderatcl~ - 
olive (brown) deep, strong 

Hydraqusntr, (ortbic) 
KAYO1 Nil 

1,114 
EAYOZ Nil 

Alkaline - 
Neutral - 

Vnidark  Vnishallow, - 
green-grey strong 

Grey-grcm Very shallaw, - 
strong 

Stratified: clay Slightly plastic, Calcareous 
toloamy sand variably sticky 

Heaw day Slighflyplastic, Peaty clay layer 
extremely 1,115 

KAY03 Slight 
1,115 

rtlcky 
m a w )  olay Pla~tic, very - 

sticky 
Nil Acid- weakly - 

aa l inc  
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2 
TABLE 11 (Continued) 

- 

1 2 3 4 5 6 7 8 9 10 11 
Souclass, Profile Salvm Soil Dark Matrir Glevins Coarser- Tedwa Uoual Special 
No. of abs., dcvslopment thi*ars reaction t~pso i l  CO~DYI textured con~istence fsatures 
Occurrence upper horizon 

Hapludents, orthis (Continued) 
EUH03 Nil Nil (Strongly) 

alkaline 
W~akly 
almina 

Thin 

(Thin) 

(Dark) oli~e- - - Calcareous 
1, TI5 

EUH04 Nil Nil 
3, TI5 

brawn 
Dnrkoiive- (Moderately - 
brown. dark shallaw. 

Silty clry Friablcble-tnon- 
(loam)(+sand) plastic, 

slightly sticky 
Mainly Mrinlyfirm 
(silty) clay to plastic 

grey-brown weak) 
Darkolive- Shallowto - 
brown to moderately 
brown-grey deep, weak 

Variabb (Moderately - 
brownish, d s e ~ ,  weak1 
mastltlyda~k 

(Dark) - - 
gmy-brown 

KUHO5 Nil Nil 
4,T15 

Stmtified: Variable 
clay to Sand 

EUH06 Velydisht Nil 
6, 115 

EUH07 Verydisht Nil 
3, T15.16 

KUHOS Veryslisht Nil 
2, TI5 

(Gravelly Z 
subsoil) 

Thin 

Thin 

(Sandy clay) (Vsry) friable 
loam to silty +loose 
clay-tsand 

(Sand?) clay (Very) friable 
Ooam)+coarse ->1oose,non- 

(Weakly) aoid olivebrown, - - 
yellow-brown 

sandi(c1av) plnstlc,ion- 
loam to sand sticky 

Clay FLm 
(lo plastic) 

(silty) (Very) Grm to 
(heavy) clay (very) plastic 

EUH09 Veryslight Nil 
2,115 

EUHOlO Nil Nil 
3, TI7 

EUHOl 1 Very slight Nil 
2,T16,17 

(Moderately) 
thin 

Caloareow 
subroilaad 
subsvaturn 

Weathersdrock 
fragment%: 
wcathmerl sedi- 
mentarYrockat 
dspth 

Many weathered 
rcckframcnts 
below 15-30in. 
depth 

grey-brown 

WsaWy acid 
to neutral 
(irregular) 

Grey-brown, Deep, weak - 
olive-brown tomaderate 

Clay Very firm to 
plastic 

EUHDlZ Veryslisht Nil 
3. TI8 

Thin (Dark) yellow- - - 
brown,grey- 
brown 

(Silty) clay, Finn or friable 
siltyolay to plastic 
loam 

Neutral- 
alkaline 

Sand, loamy Loose 
inlopsoil 
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IOD03 Moderate Moderately Acid - Variably Shallow, weak Clay loam (Silty) day (Vsry)firm - 
2, TI7 thick brownish (34) to plastic 

IOD04 Moderate Thick Acid - Grw-brown, - - Stratified Friableto Rockframenfs, 
1, T17  ello ow-brown clay loam, slightly increasing 

(sandy) day plastic with %ti 
IODOS Modcrate (Maderately) Strangbaoid - Darkyellow- - Loam (2) Siltydar (Vuy)friabb - 

1, TZ1 thin brown 
Dyrtrocbrapt-i, oric 
IODX Strong (Moderately) StrongIy acid Adl-9) of (Dark) red- - - smy day+ (Yery)fiable (Many mck 
2, TZ1 thick roots andlitter brawn, dark clayloam todigatly fragments) 

brown.rcd niastic and 

Ochraqualfs, orthic 
AA001  Slightto Modera t e  Weaklyaoid - Darkalivs- Very ahallow, Ciay loam (8) U a y  Plastic, - 

1,T17 moderate thin +ncutrsl brown to  modeme variablvstiskv . . 
dark g s y  

M O O 2  Moderate Moderately tbin (WsakIy) acid - Dark brown to Very shallow, Clay (loam) (Silty) h e w  Veryplarticto Vague boundary 
4, T15,16 to moderately lkhtgrev strong (6-10) clay to slay slightly platis bahveulsolvm 

thick and very and underlying 
sticky weakly acidto 

neutral Lo 
matcri.h e 

AA003  Strongto Moderately Acid Thin Grey-brown to Very shallow, Clay loam. (SW) h w  Very plastic - 
1,T17 moderate thick oliv~grey moderate silty day (9 clay 

t: 
'Typudalfs, aquio 
AUTAl Slight to Moderately Neutcalto (Thin) Variablemy Shallow, Clay (9-10) Sihy heavy Very Grm to - 
2. T17.20 moderate thick wsnlrhacid and brown moderate clav vervolatic . . 

AUTA2 Moderats Moderately Weakly aoid - Grey-brown Shallow, (Clay) loam(9) (Silty) olay Firm Vague boundan 
1, TI5 thick +neutral moderafe betw~nrolum 

andakalinc 
underlvi". .-- 
mataials 

A W A 3  Moderate Thick Acid+ - Variablegw Moderately Clay(8) Heavyclly Very Grm to V a p e  boundary 
1. TI7 weakly acid andbrown &allow, extremely befweensalvm 

strollg plastic and weakly 
d k d k e  
roftencdrock 

AUTA4 Moderate (Modenitelv) Acid+ - Yellow-brown (Moderately) CLay (loam) Heavy day, Veryplasfic, V a p e  boundary 
Z,T15,16 thick wsaWy acid to grey-brawn shallow, (C7) silty (heavy) firm to plaaic betweensolurn 

moderate day and vnder1ying 
neutral 
ma- 

AUTAS Moderate Moderately Acid - Orey-brownto Shallow, Loam, (fins (Siltv) day Finn to plastic - 
2, TI6 thick o l ive -brow moderats sandy) day 

olive-my loam (1616) 2 



TABLE 11 (Continued) i2 
1 2 3 4 5 6 7 8 9 10 11 

Soilclass, RoGb Sol- Sail Dark Matrix Glcying Coarser- Texture Usual Special 
NO. of obs., development thickness reaction topsoil colour textured comi~tence features 
occurrence upper horizon 

(Dark) olive- - Clay loam, 
brown, ( h k )  (s1lty)clay 
grey-brown (5-8) 

Dark (yellow) - Clay(5-6) 
brown 

Grey-brown, Shallow, weak Sandy day 
(&rk)yollow- (loam) (8) 
brown 

(Dark) ydlow- Shallaw, weak Cia? (lorn) 
brawn (11-12) 

Clay, (silt?) 
hoaw day 

Moderately Neutral-, (Thin to 
thick weakly acid moderately 

(+alkaline) thick! 
Maderatdythin Ncufralfa Thin 

weakly acid 
Modemely thin Weakly roid Thin 

AUTO2 Moderate 
2, T20 

AUTO3 Moderate 
1, T20 

 AUTO^ ~ ~ d - ~ t .  
2. TI6 

Silty heavy 
CIS? 

(Sand?) heavy 
clay to clay 

Veryhard, - 
very hmn 

VEryhnrd, - 
very firm 

Moderately thin (Weakly) acid - Silty heavy 
day to day 

(Very) r%m to Vnguc boundary 
veryplasfic betweensolvm . 

and underlying + 
neutral 
materials 

very to - (Dark) grey- - Clay (Laam), 
brown, yellow- siltyclay 
brown (7-12) 

Grev-brawn. - Sandvlaam. 

M',derrt=Iy ( W e a w  acid T h k  
thick 

(Silty) 
heavy day SxVeolelyfirY1, 

veryplastic 
Very friable Vaguelower z 
t o h  boudrdry of E 

AUTO6 Moderate 
2, T17,20 

Moderatclyrhin (Weakly) acid - 
to moderntdy 
thi0k 

Moderately Add - 
thick 

brown (5-8) 
Gray-brawn Shallow, weak Clay loam 

+clay(l6) 

clay 
Silty heavy 

day 

~ o l m  
Very firm to Low blsckcon- 

:: 
vervolastic cretionr md dark 

nd(brown) 
mottles; vague 
lowel BOIum 
boundary 

Modu@.tely Neutral+acid - 
thin 

Dark (yellow) - CIlY (9) 
brown 

Heaw day Hard, friable Strone sub- 
ansvlnr block? 
m m w e  

Oohraquulu, onhio 
UAOO Moderats 

1, TI5 to strong 
Dark(brown) Vuyshallow. Siltycla~ 
are? moderate; lohm(l4) 

moderat* 
deep, strong 

silty clay (Slightly) Dark red-brown 
piartio and mottles 
(very) 8ticky 

Ty~ochmlfs, aqvlc 
UOTAl Moderate 
Z,T17 to strong 

Moduately Acid - 
thin 

Dark brown Very shallow, (Silly) clay 
to vdlow- moderate to loam (6-7) 
brnwn weak 

(Sandy) clay 
to sandy 
henwolay 

niery)firm to - 
(very) plastic 



UOTAZ Strongto 
3, TI5 moderate 

(Moderately) (Sfrondy) noid - 
thick 

Blown to Vsry 9hdlOw. 
olive-brown maderateto 

weak 
Yellow-brown Shallow, 
+ brown-grey moderate 

(Silty) clay (Silty) olay 
loam ( M 3 )  

Firm to Vagvclower 
plastic boundary d 

so1vm 
Very to ex- - 

tremely plastic 
UOTA3 Strong 

1, TI7 
Typochrults, ortbic 
UOTOl Strong to 
4, T17,18 moderate 

(Moderately) Stronglyacid - 
thick 

Clay (5) Heavy d a y  

Moderately Acid - 
thick 

(Dark)yeUow- (Weak) 
blOUII, Bey- 
bmwn 

DarL brown-t Moderataly 
yelloul-brown shallow, weak 

(Silty) clay (Silty) heaw 
(loam) (6-9) dav+(rilty) 

very6rm to very - 
p l a s t i n r m  
to plastic 

Piasti0 Vaguelower 
boundary of 
301- 

Moderately Strangly =id - 
thick 

(Moderately) Strongly acid - 
thick 

(Dark) gey- - 
brown+ 
(Yellow) 
brown 

(Sandy) clay Clay 
loam(7-18) 

Firm to plastic Reddishmotflea 
insubsoil, V) 

variable hard 2 
gravel C, 

P l i n t ~ c h r ~ l t ~ ,  aquic 
UPOA Very oirong 
2, TI6 

Grey-brownto Moderately 
yellow brown shallow, 
+me~-brown modmate 
to olive-grey 

(Fine randy) (Clay+) 
clay loam+ (silty) heavy 
(fine sandy) day-clay 
clay (1 1-26> 

Very firm to 
very plastic 

Prominent red, 
brown, light 
meymottlins 
inB 

(Moderately) (Strongly) acid - 
thick 

(Nomaplox, typic) 
OHNT very strong 
1,TZl 

Thick Strongly acid - Silty clay Silty day 
loam (4) 

Friable to 
slightly 
piastic 

(Normrrgon, typic) 
OANT Very strong 
4,116.17 

(Vary) thick Stronslv acid (Thin) 
(to acid) 

Dark brownto - 
yellow-brawn 

(Sandy or silty) (Silty or sandy 
clay loam to heavy clay+) 
(sandy orsilty) (ai1ty)clay 
clay(6-14) 

Friable to 
(~l ixht l~)  
plostis (firm) 

Vague lower 
boundary of 
sol"." 
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(ii) Description of Soil Classes for Land Use Purposes.-In Table 12 the lowest 
soil classes are rated for a number of properties that are important for land use. 
Many ratings depend on assessment rather than measurement of the properties. 
Soil reaction ratings, however, are based on colorimetric pH measurements in the 
field. Nitrogen, phosphate, and potash ratings are derived from analyses of surface 
and subsurface samples carried out in the chemical laboratory at the Division of Land 
Research under the supervision of Mrs. I. M. Serjeant. U&ed Soil Classfication 
and linear shrinkage ratings are based on actual measurements made on 101 samples, 
and on extrapolation of these data to soils not analysed. The determinations were 
carried out by the soil mechanics laboratory of the Department of Public Works, 
Port Moresby. 

Definitions of the rating terms used can be found in Appendix I. Soil reaction 
ratings in Table 12 can differ slightly from those in Table 11, because the former are 
based on pH data corresponding to the agricult~ual depth value, while the latter are 
based on pH data fiom the solum. Three ratings are given for available soil water 
storage capacity. The first applies to the top 20 in. of soil, the second to the top 
45 in., and the third to 72 in. of soil. L- equals 2-2.9 in. of water, L+ equals 3-3.9 in. 
of water. 

Parentheses are used in Table 12 in the same manner as described for Table 11. 

(iii) Description of Soils in Land Systems.-In order to increase the usefulness 
of the descriptions for practical purposes, they are couched primarily in terms of 
practically important soil properties. Another reason for this is that many land 
systems appear to be more homogeneous with respect to such soil properties than 
with respect to their pedological lowest soil class composition. The lowest soil 
classes observed in each land system are listed in Tables 13-21. 

Soil texture is mentioned in the land system descriptions in a simpli6ed form: 
coarse texture includes sand, loamy (fine) sand, clayey sand, and gravelly loam; 
medit~m texture includes sandy loam, silt loam, loam, and sandy clay loam; Jine 
texture ilicludes silty clay loam, clay loam, sandy clay, silty clay, and clay; veryfine 
texture includes sandy heavy clay, silty heavy clay, and heavy clay. 

11. SOIL DISTRIBUTION AND FORMATION 

(a) Soil Distribution 

Because of the great variability in detail of land forms and sedimentary rock 
types in much of the area, the number of soil observations has proved too small to 
establish precise correlations in many cases. Therefore no areal extrapolation could 
be made of sufficient reliability to produce a separate soil map. It is only possible to 
discuss some general trends in the distribution of the soils over the land system. 

The distribution of the lowest soil classes over the land systems as observed in 
the field is show11 in Tables 13-21, from which land systems without field observations 
have been excluded. The tables basically follow the grouping of the land systems on 
the land system map. For pedological reasons, however, freshwater swamp land 
systems and the unstable flood-plain land system (land systems 3-6) have been taken 
out of the littoral plains and alluvial plains groups and placed together in Table 14. 
It should also be noted that land system 9, although excludedfor lack of field data, is 
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likely to fit better in Table 14 than in Table 15 from the pedological point of view. 
The large group of land systems on soft sedimentary rocks has been broken up into 
two tables for convenience. 

Where a lowest soil class occurs in more than one group of land systems a 
reference to the other relevant table(s) has been added. The type of land form on 
which each soil was observed is mentioned in the tables to provide some extra inform- 
ation. Lithology has been mentioned in the tables only when it differs from what 
would normally be expected in each group. 

(i) Note on Table 13.-The two land systems of the "dry" littoral plains are 
pedologically distinct, as is to be expected. The group as a whole is characterized by 
generally having its own distinct lowest soil classes. Two classes from a coastal 
alluvial plain, however, were also observed on inland alluvial plains (Table 15). 

(ii) Note on Table 14.-The freshwater swamps have their own specific and quite 
expected lowest soil classes, but very similar soils are also common on the alluvial 
plains of Table 15. 

(iii) Note on Table 15.-The alluvial plains have mostly soil classes unique to 
this type of terrain. Some coarse-textured soils on low terraces are very similar to 
sandy soils on frontal beach ridges (Table 13). The commonness of poorly to very 
poorly drained soils, similar to the normal soils of freshwater swamps, is noteworthy. 
These soils occur mostly under tall forest on apparently normal alluvial plains, which 
is in contrast to normal experience in New Guinea. No explanation can be offered, 
but it appears that the actnal drainage status of the soil as evaluated from matrix 
colour and mottling may be of lesser significance in relation to the vegetation than 
other hydrological factors such as flooding, inundation, and water-table fluctuations, 
and possibly also climatic factors and even human interference with the vegetation. 
Imperfect relationships between soil drainage status and vegetation were already 
noticed in the adjoining Aitappc~Ambunti area (Table 12 of Heyligers 1972). 

Some more acid undeveloped soils (such as EUH07) and more developed soils 
occur also in the land systems of the alluvial fans (Table 16) and indicate a basic 
pedological similarity between the fan surfaces and the high terraces in the alluvial 
plains. 

(iv) Note on Table 16.-Although many of the lowest soil classes on the alluvial 
fans also occur in other groups of land systems, the most common soils on fans are 
unique or nearly unique for this group. The overlap with the alluvial plaius is 
discussed above. The smaller overlap with hilly land systems in other groups is 
probably caused by basic similarities in soil formation on steep slopes in the hills and 
in dissected fans, and in one case by lithological similarity. 

(v) Note on Tables 17-20.-There is considerable overlap in the lowest soil 
class composition of the land system groups on soft sedimentary rocks, on mixed 
sedimentary rocks dominated by limestone, and on limestone. The strong overlap of 
Table 19 with both Tables 17 and 20 is according to expectations and conhns  the 
intermediate position of the group of land systems on mixed lithology. The overlap 
between Tables 17 and 20, however, is somewhat surprising. There is evidence that 
only vestiges of clastic sedimentary rocks are necessary in land systems on limestone 



TABLE 12 

RATING OP LOWEST CATEGORY SOIL CLASSES FOR PROPERTIES IMPORTANT TO LAND USE 

(Refer also to Part VI, Sec t ion  I(b)(ii)) 

I 2 3 4 5 6 7 8 9 10 I1 12 
Soil agricvltural Avail. roil Drainage Unif~edSoil Linear Ensheering 
drss depth watsrstoragc status Pcrmeahiliw Soilreaction Nitrogen Phosphate Potash Clasr8cation shrinkas depth 

c~pacity' 

Ofiopsamments, nquic 
EPOA Deep VL,L.M Poor very rapid Moderate SP Nil Very deep 

Onhoprammenfs, orthihic 
EPOOl Deep VL,L, M Gaod 
EP002  Moderately VL, L, L Good 

shallow 
Orthopsammem, vdic 
EPOU Deep VL,L, M Oaod 

very ragid 
Rapid 

very law 
LOW 

very low 
very low 

Moderate 
Moderate 

SP 
SM over SG 

N ~ I  Very d u p  
Very low Very deep 

over nil F 
Very low Vsr/ deep ? 
over nil 

Nil Very deep P 
5 

Neutral Thin ML 
over SG 

Psammaquanll, orthis 
W O  Deep VL,L, M Swampy 
Hydraquentr, (histic) 
EAYSl ?Deep L-, MH,H Swampy 
EAYSZ Moderately deep M, H, H Swampy 
Hydroquenll, (onhid 
EAYOI Verydecp L+, MH, VH Swampy 
EAYOZ Desp L-, M, M Verypoor 
EAY03 Verydeep L-, M, H Verypoor 
Haplaqusntr, hydric 
EAHY Deep L-, M, MH Verypoor 

V a /  rapid Alkaline N.d. 

N.d. 
very high 

Vuylaw 
Moderate 
Maderate 

Moderate 

very1ow 

N.d. 
Very high 

LOW 
Hish 
Moderate 

Moderate 

Neutral 
Acid 

N.d. 
Moderate 

CH over Pt 
CH aver OH 

Ememely high Very deep 
High (V-Y) deep 

2 
Moderate 
Very slow 
SLOW 

Alkaline 
Neutral 
WeaMynsid 

Hi& 
High 
Moderate 

Moderate very deep ?z 
Very high Very deep 
High Very deep 

(Very) slow Neutral lo 
weakly acid 

Hish Moderate Verydecp 

Haplaquenu, orthio 
E m 0 1  Deep L+, MH,H Poor Rapidover 

slow 
v u v  slow 

Very law 

Moderate 

Moderate CL Maderats Very deep 

CH High Very deep EAHOZ Moderately deep L-, M, M Vwy poor 
to moderately to swampy 

High to 
moderate 

very high 
to high 

shallow 
Haplaqucnts, udic 
EAHU (Very) deep L,MII, Poor 

(WH 
Moderate Neutral to 

w a k b  acid 
Lowto 

moderate 

Madcrate 

Modern* 

High to 
moderate 

High 

High 

CL to CH Moderate Very deep 
to high 

Haplaquenfs, spadio 
EAHS Modnately deep L-, M, M P m r  Neutral 

Alkalins 

Moderate 

Moderate 

CH High Very dmp 

CH High Vwy deep 
Hapludents, aquic 
EUHAl Moderately deep L-, M, M Imperfect 
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TABLE 12 (Continued) 2 

1 2 3 4 5 6 7 8 9 10 11 12 
Soil ABicvlfvral Avail.soil Drainage Unified Soil Linear Ensinemin8 
clasp depth waterstofarage status Permeability Soilreaction Nitragen Phosphate Potash Classl6cation shrinkage depth 

capacity* 

Rendolls, (onhis) 
MR-01 Shallow VL,VL,VL Good Rapid 
M R 6 2  Shallow M L , L ,  L Good Moderate 

Low 
Moderate, 
rarelvbish 

Maderate 
t o v e r y w  

Made- 
tolow 

Moderate CL 
Moduate CLto CH 
tohigh 

Moderate CL 
tolaw 

Veryhigh CL 
tolow 

Maderate Very shallow 
High Vvyshnllow 

Moderate Vvyshallow 

Moderate very shallow 

Alkalme Moderate 
Alkaline (Vsry) high 

to rapid 
M R 6 3  Shallow L,L,L Good Moderateto 

vervranid 
(Weakly) Moderate 
alkalhe to high 

Neutral Highto 
moderat. 

RendoL, (eu'mochrePtic) 
m - E  (Very) shallow Very high 

Moderate 

very high 

very high 

Low o w  nil 

Low aver nil 

Veryhigh 

Very high 

High 

+ 
very shallow ? Goad 

Good 

Poor 

Moderate 
to slow 

Rendalls, Oithoxic) 
MR-X Shallow Veryshnllow 

P 

Madent,,, 8 
m 

Moderately deep 2 
tovery deep 

Very deep 

very rapid Alkaline High 

Vsry slow Weakly) acid Low to 
shallow 

IAooZ Moderately L-, L, L (Very) poor Very slow 
shallow 

moderate 
(S'mongly) M o d e m  
acid to  high 

Verylowto CH 
high 

Umbrsquepfs, onhio 
IAUO Deep L+, M, MH Vvypoor Moderate (Weakly) acid Modenite Vvy law OL and ML 

over SP to rapid 
Haplumbrept~, arthic 
IUHO Deep L-,M,M Good . Rapid Acid Moderate V w l o w  ML to SM 

over SP 
very deep 

E"*~chrePt$ rendouh 
IOER Shallow L-,L,L Good Vsry slow Alkaline Moderare Law Shallow 

Shallow (SQongly) Lowto 
alhalmc moderate 

AUralinc Moderato 

Low to 
modcratc 

(Very) low 

(Very) high CH 
shallow 

IOEOZ Moderately L-, M, M Good Slow 
shallow to  
rnoduatabdeep 

Eutroeh~eptr, dwtris 
IOED (Moderately) L- ,LM, Good Slow 

shallow L-M 

Veryhizhto CH 
moderate 

Shallowto mod- 
erately deep 

Weakly alkaline Modcrate 
toneutral 

Low, rarely 
very low 

High,raAy CH 
wry high 

Shallow to mod- 
erately deep 
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to produce soils that are similar or transitional to typical soils on massively occurring 
soft sedimentary rocks. On pure limestone, on the other hand, soils tend to develop 
that are unique for this rock type. Soil differences between these groups are therefore 
more quantitative (dominance of different kinds of soil in each) than qualitative 
(total spectrum of soil variation). Nevertheless, the available data suggest that pure 
limestone is less exclusively the parent rock of soils in the group of land systems on 
limestone than would transpire from the land system descriptions. 

TABLE 13 
LOWEST SOIL CLASSES OBSERVED IN TEE LAND SYSTBMS OF 

THE LITTORAL PLAINS 

Land system 1 Land system 2 
- 

EPOA - 
EPOOl - 
EAPO - 
EAHU* Coastal plain; alluvium 
EUHAS* Coastal plain; alluvium 
MUHP - 
MR-P Coral platform (2 X) 
m o  - 

* See also Table 15. 

~~p 

Frontal beach ridge 
Frontal beach ridge 
Swale 

- 

Inland beach ridge 

Inland beach ridge 

Somewhat surprisingly, there is a rather large difference in soil content between 
the k s t  (Table 17) and the second (Table 18) group of land systems on soft sedimentary 
rocks. Possible reasons for this are a wetter climate, steeper slopes but also more 
frequent colluvial slope collapse in pre-weathered materials, and scarcity of marly 
sedimentary rocks near and in the mountains where the land systems listed in Table 18 
mainly occur. Such factors might explain the occuiwnce of more acid and either 
deeper or shallower soils than in the intermontane basin and coastal ranges, and also 
the absence of poorly drained soils. 

TABLE 14 
LOWEST SOIL CLASSES OBSERVED IN LAND SYSTBMS OF THB 

FRESlIWATER SWMlPS AND UNSTABLE FLOOD-FLINS 

Land system 3 Land system 4 Land system 5 Land system 6 

EAYSl - Blocked valley 
swamp - - 

EAYOl - - Flood-out plain 
EAH02 Seasonal swamp Valley floor Swamp plain - 
IAUO Coastal swamp 

margin - - 

(vi) Note on Table 21.-The few observations in the large area of land systems 
on igneous rocks can hardly be assumed to be fully representative. Nevertheless, 
there is a suggestion of a continuation of the trend noticeable in Table 18, leading to a 
dominance of characteristic unique soil classes. The MR-04 soil in this group appears 
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TABLE I5 
LOWEST SOIL CLASSES OESBRVBD IN LAND SYSTGMS OF THB ALLUVIAL PLAINS 

(EXCEPT THOSE IN TABLE 14) 

Landsystem 7 Landsystem 8 Landsystem 10 

EP002 - - Lower terrace 
EPOU - - Lower terrace 
EAY02 - A Alluvial plain 
EAYO3 - - Alluvial plain 
EAHY - Alluvial plain Alluvial plain 
E4HOl - - Scroll plain 
EAHU* - - Alluvial plain ( 2 x )  
EAHS - - Alluvial plain 
EUHA1 - - Flood-plain near mast 
EUHA2 A - Alluvial plain 
EUHA3 - Alluvial plain Alluvial plain 
EUHA4 - Alluvial plain near coast 

Flood-plain near coast 
EUHAS* - Upper terrace - 
EUHOl Lower terrace Scroll plain 
E m 0 2  - - Scroll plain 
E m 0 3  - Alluvial plain - 
EUHO4 - - Alluvial plain (3 x )  
E m 0 5  - Alluvial plain Alluvial plain (3 x) 
E m 0 6  Alluvial plain - Alluvial plain (3 x), 

middle terrace, 
lower terrace 

EUHO7t - - Middle terrace (2 x ) 
EUH08 Upper terrace - Middle terrace 
E m 0 9  Middle terrace Upper terrace - 
AAOOZt - - Upper terrace (2x) 
AUTA2 - Upper terrace 
AUTA4t A - Upper terrace 
UAOO Valley floor (!I - - 
UOT.42 Upper terrace (3 x) - - 

*See also Table 13; t Table 16. 

TABLE 16 
LOWEST SOIL CLASSES OBSERVED IN LANE SYSTEMS OF TKO ALLUVlAL FANS 

Land system 11 Land system 12 Land system 13 Land system 14 

EUH07* Fan surface - A 

EUHOllt Very steep slope - - - 
IAOOlf - Very steep slope; marl - - 
IA002f - - - Fan surface depression 
IOD02B Fan surface - - 
AA002* Fan surface Broad hill crest - 
AUTA4* - Broad hill crest - 
AUTAS Fan surface (2 x)  - - - 
AUTO4 - - Very steep slope (2X) - 
UOT03 Fan surface (2x1 - - - 
UOPA Fan surface Dissectedfan surface - - 
OANTS Fan surface (2 X )  Remnant fan surface - 

*See also Table 15; ?Table 18; f Table 17; §Table 21. 



LOWEST SOU CLASSES OBSKRVED IN LAND SYSTEMS ON SOFT SEDIMENTARY ROCKS (FIRST GROW) 
Land system 15 Land system 16 Land system 17 Land system 19 Land system 20 Land system 21 

EUHA6 Valley floor - - - - 
ELlHOlO - Slumped slope, ?high - - - Irregular slope 

terrace remnant 
MR-03% - - - Crest; limestone - - 
IAOOll - - Dip slope - - - 
L4002t Slump bench - - - - 
IOEOlt Very steep upper slope - - - - 
IOEOZ* - - - Slump toe; with - - 

limestone 
TOED:! Moderately steep Slump bench, crest - - - Crest, irregular long 

slope slope 
IODElt - - - - - Irregular long slope 
IODE2: - Irregular slumped - Crest - - 

slope 
IODE3 - Steep upper slope - Very steep slope - - 

- - V1 
IODE4* Moderately steep - - Steep upper slope 2 

slope (2 x) 
IODEZ - - Irregular slope - Steep slope - 

t; 
IODE6 - - - Very steep slope (2 x) - - 
IODE75 Slumped upper slope - - - - - 
IOD03 Moderate upper slope - - - Irregular steep upper 

slope 
IOD04 - - - - - Wide crest 
AAOOl - - Slump bench - - 
A.4003 - - Dip slope - - 

AUTAl f - Slump - - - 
AUTA3 Moderate slope - - - - 
AUTOl* Steep upper slope Slump bench - - - - 
AUTOS* Moderate slope - - - - 

AUT06* - - Outcrop slope - - 

UOTAl - - Dip slope Moderately steep - 
upper slope - 

UOTA3 Crest - - - 

UOTOlB Moderately steep Very steep upper - - - - 
upper slope slope 

0ANT-r - - - Plateau remnant - - 
"See also Table 20; t Table 16; J Table 19; § Table 18. 
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to be an oddity (but pointing towards some affinity between basic igneous rock and 
limestone as a parent material). The similarity of the IOD02 soil with a soil on a fan 
surface in Table 16 would appear to be accidental, but indicating a basic similarity in 
parent material. 

TABLE 18 
LOWEST SOIL CLASSES ODSERVED IN LAND SYSTEMS ON SOFT SGDIMBNTARY ROCKS 

(SECOND GROUP, EXCLUDING LAND SYSTEM 27) 

Land system 22 Land system 24 Land system 25 Land system 26 

EUHL - - Limestone scree slope - 
EUHOII* - - Irregular slumped slope - 
EUH012 - Spur onslumped slope Spur on irregular slope, 

irregular slumped slope - 
MUHE Slumped slope - - - 
IODE7i - - - Slumped lower slope 
UOTOlt - - Irregular slumped 

slope (2 x) 
UOT02 - - Irregular slumped slope - 

*See also Table 16; t Table 17. 

(b) Soil  Formation 

The general similarity in the nature of the soils in the Vanimo and Aitape 
Ambunti areas is obvious from Table 10. Equally, similarities in their distribution 

TABLE 19 
LOWEST SOIL CLASSES ODSERVBD IN LAND SYSTEMS ON MmED SEDIMENTARY ROCKS 

DOMINATnD DY LIMESTOM 

Land system 28 Land system 30 Land system 31 Land system 32 Land system 33 

MR-04*t 
MR-E* 

- - 
Steep lower slope - 
- - 
- Gentlelower 

slope 
Slump bench - 
Crest 

- - 
- - 
- Gentle boulder 

alope 
- Steep slope 

Lower slope 
slump - 
- Steep slope 

Crest 
- - 

Very steep slope - 

Widecrest 
Very steep slope 

* See also Table 20; 7 Table 21 ; f Table 17. 

emerge from the land system descriptions in Part I11 and from Tables 13-21. No new 
aspects of soil formation have emerged from the survey of the Vanimo area. In fact, 
all observations indicate that soil-forming processes in both areas are virtually the 
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same. For all these reasons the reader is referred to the discussions on soil formation 
in the Aitape-Ambunti report (Haantjens 1972). 

TaBLE 20 
LOWEST SOIL CLASSES OBSERYED IN LAND SYSTEMS ON LMESTONB 

Land system 34 Land system 36 

EAYS2 
MR-02* 
MR-03i 
MR-04*f 
MR-E* 
MR-X 
IOER 
IOEO2'f 
IODEa; 
AUTOlt 

AUTO2 
AUTO5t 
AUTO6i 

 AUTO^ 
AUTU 

- 
Crest 
Platform 
- 

Modcrate upper slope 
Very steep lower slope 
- 
- 

- 
- 

Platform remnant (2 x)  
- 
- 

Filled-in doline 
Platform 

Slump or doline Boor 
Cvest, (very) steep slopes 
Very steep lower slope 
Crestal flat 
- 
- 

Steep upper slope 
Plateau crest 
Gentle slope; mudstone 
Moderately steep upper 

slope; mixed siltstone 
- 

Platform or bench 
Stecp upper slope; 

mixed siltstone 
- 

* See also Table 19; t Table 17; f. Table 21. 

TABLE 21 
IDWEST SOIL CLASSES OBSERVED IN LAND SYSTEMS ON IGNEOUS ROCKS 

Land system 37 Land system 38 Landsystem 39 

MR-O4* - Steep scree slope 
IODOl - - Very steep spur crest 
IODO2t Steep slope - - 
IODOS - Steep upper slope - 
IODX - Slump Small crestal flat 
OHNT - Summit plateau - 

*See also Tables 19 and 20; 'f Table 16. 
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PART VII. DESCRIPTIONS AND ECOLOGY OF THE VEGETATION 
TYPES OF THE VANIMO AREA 

I. INTRODUCTION 

The vegetation has been mapped according to the principles used in the adjacent 
Aitape-Ambunti area (Heyligers 1972). The actual mapping, however, could be 
carried out less satisfactorily than in that area because of the generally poor quality 
of the aerial photographs and their smaller scale (1 : 86,000). Boundaries, especially 
between related vegetation types, could not always he drawn reliably and this must 
he taken into account when the vegetation map is used. 

The major groups of vegetation types in the Vanimo area are tall forest, mid- 
height forest, palm and pandan vegetation, herbaceous vegetation, and secondary 
vegetation. Tall forest is more than 100 ft and mid-height forest less than 100 ft high. 
They have been further subdivided on air-photo characteristics, e.g. openness of the 
canopy, even height versus irregular height, predominance of small crowns, occurrence 
of crowns of a very Iight tone, and visibility of the understorey. 

The vegetation types are indicated by symbols on the map. Symbols identical 
to those used in the Aitape-Ambunti area indicate that these types are generally 
similar, h~ r t  luinor variations in structure and/or ecology are possible and will be 
evident from the descriptions given in the following sections. 

For clarity, related forest types are grouped. In each group only one type is 
described in extenso and the characteristics of the other types are related to this 
description. After these descriptions the distribution and ecology of the particular 
group are discussed. The sections concerning the other vegetation types have not been 
subdivided because of the limited number of types falling in these categories. The 
same grouping of types has been followed on the vegetation map, the reference of 
wluch can be used as an index to the vegetation type descriptions. 

In the observations density has been rated according to the following scale: 
dense, moderately dense, rather open, open, very open, or scattered; and common- 
ness, which pertains to the numbers of individuals present in a certain area, as: 
abundant, very common, common, rather common, present, rare. Frequency, which 
expresses the number of times a particular characteristic or plant was observed in a 
certain vegetation type in comparison with the total number of observations in this 
type, is expressed in general terms to which the following approximate values can be 
given: seldom, sometimes, or occasionally is less than 25%; normally is between 
25% and 75%; usually, commonly is more than 50%; often, mostly, or generally 
is more than 75 %. 

*Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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11. TALL FORESTS WITH OPEN CANOPIES 
(a) Descriptions 

(i) Tall Forest with a Rather Open Canopy (Fo; 23 obs.; Plates 5, 13, and 
19).-The crowns form a rather regular photo pattern of mid-grey tones with 
occasional lighter tones. Height variations tend to be regular. Crowns are relatively 
widely and evenly spaced and have a large range in size. 

Field observatioi~s gave canopy cover values between 15 and 40% with 23% as 
average. The canopy was usually classed as open or rather open, occasionally as very 
open or moderately dense. Canopy height varies between 105 and 150 ft with 125 ft 
as average. Irregularly scattered more or less emergent trees usually occur and are 
commonly up to about 30 ft taller than the average canopy trees. Spacing of sub- 
canopy trees is normally moderately dense, sometimes dense. Their crown cover 
varies between 40 and 70 %, seldom 80%, and averages 56 %. The trees have straight 
boles, except for some low-branching figs, and normally a large range of sizes is 
present. Buttresses of different form and size are always present, those of medium 
height with a wide base and of taller height with a narrow base being the most 
common types. Usually some trees with stilt roots occur. 

The shrub layer is usually moderately dense and its cover varies between 15 and 
60% with an average of 32%. The plants are irregularly spaced; some have a 
spreading habit, e.g. young palms and rattans, others are slender, e.g. saplings. The 
average visibility* through the shrub layer is 65 ft. This distance varies between 43 
and 85 ft. 

The herb layer is usually irregular and varies in cover between 1 and 10%. It is 
of mixed composition and comprises seedlings, ferns and Selaginella, forest grasses and 
sedges, and broad-leaved herbs, e.g. Elatostema, aroids, wild gingers, and Marant- 
aceae. Mosses are sometimes common on exposed roots. 

Thick woody lianes are present and thin woody ones rather to very common. 
The latter include rattan and occasionally Flagellaria. Epiphytes and epiphytic 
climbers are also rather to very common, and often slightly more common in the 
crown layer than lower down on the tree trunks. Aroids, ferns, and Freycinetia are 
usually common. Mosses are occasionally common. 

Palms are normally present or rather common in the subcanopy tree layer, 
occasionally also in the canopy itself. Occurrence of palms in the shrub layer varies 
between rather common and very common. They belong to many genera and often 
more than one kind of young rattan is common. Pandans are rare to rather common 
in the shrub layer, but occur seldom in the tree layers. 

(ii) Tall Forest with a Rather Open Small-crowned Canopy (Fos; 3 obs.; 
Plate 6).-The photo image is similar to that of tall forest with a rather open canopy 
(Fo), but there is a greater proportion of small crowns. 

In the field it was found that the canopy was more open and the smaller girth 
classes more common than in the average stand of tall forest with a rather open 
canopy (Fo). In other characteristics this type is very much like tall forest with a 
rather open canopy (Fo). 

* Visibility is defined as the distance at which aperson walking away from an observer becomes 
obscured behind foliage. 
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(iii) TaN Forest with an Open Canopy with Scattered Light-toned Cro~vns (Fod; 
6 obs.; Plates 7 and 9).-This forest type differs in photo image from tall forest with a 
rather open canopy (Fo) mainly in the larger number of light-toned crowns. I t  is 
assumed that these crowns are of trees with young leaves or flowers. In the field it was 
found that the canopy is more open than in the previous type. 

(iv) Tall Forest with an Open Small-crowned Canopy with Scattered Light-toned 
Crowns (Fosd; 3 obs.; Plate a).-This type combines the photo characteristics of 
the two previous types (Fos, Fod), and the field observations showed it to he very 
similar to them in structure. 

(v) Tall Forest with an Open Small-crowned Canopy and a Dense Understorey 
(FosD; 2 obs.).-The photo pattern of this type shows a very open canopy mainly 
consisting of small crowns aud with subcanopy layers clearly visible. Field observa- 
tions showed the coverage of the canopy to be in the order of 10% and that of the 
lower tree layer of 60%. Tree height and girth distribntion are similar to that of tall 
forest with a rather open small-crowned canopy (Fos). In the shrub layer palms are 
abundant; not only is rattan common, but also Licuala and "kabibi" which grows in 
clusters and has very irregularly split leaves. Several species of pandans are also 
prcsent or common. Visibility is often reduced to 43 ft. Pueumatophores in the form 
of knee-shaped roots may be seen prot~uding from the soil. 

(vi) Tall Forest with an Open Canopy with Scattered Light-toned Crowns and a 
Derzse Understorey (FodD; 9 ohs.; Plates 7 and lo).-This type combines in its 
photo pattern the characteristics of tall forest with an open canopy with scattered 
light-toned crowns (Fod) and tall forest with an open small-crowned canopy and a 
dense understorey (FosD). Observations showed this type to be rather similar to the 
former type (Fod), but the lower tree layer is denser and has a 10% greater cover. 
Young rattan was less common and in inrportance was replaced by Licuala and 
"kabibi". 

(vii) Tall Forest with an Open Canopy and with Sago Palms in the Understorey 
(FoM; 1 obs.; Plate 19).-The photo pattern of this type has, in comparison with 
tall forest with a rather open canopy (Fo), an uneven texture due to irregular spacing 
between crowns. Crowns tend to be further apart and generally somewhat smaller. 
From previous field work this type was known to have a usually rather open uuder- 
storey of sago palms. Other differences include the generally lower height of the 
canopy trees and a greater variation in canopy cover values. 

(viii) Tall Forest with an Open Carzopy with Scattered Light-toned Crowns and 
with Sago Palnzs in tlze Understorey (FodM; 1 obs. ; Plate 8). This type is similar to 
the previous type (FoM). The major difference in photo pattern is the promillence of 
light-toned trees in the canopy. I t  lacks the conspicuous subcanopy layer character- 
istic for tall forest with an open canopy with scattered light-toned crowns and a dense 
understorey (FodD). 

(ix) Tall Forest with a Rather Open Ellen Carzopy (Fov; no obs.; Plate 19).- 
The photo image of this type is similar to that of tall forest with a rather open canopy 
(Po) but with less variation in height. 
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(b) Ecology and Distribution 

Tall forests with open canopies cover just over one-fifth of the survey area and 
are found from sea level to an altitude of about 1000 ft. They are restricted to alluvial 
plains and fans, except for tall forest with a rather open even canopy (Fov) which 
occurs on plateau remnants in Serra (36) land system. 

Tall forest with a rather open canopy (Fo) generally occurs on well to imperfectly 
drained plains not liable to flooding, mainly found in Pual (10) land system and 
locally in Papul(8) land system. However, especially in the plains of the Bei'i Creek, 
drainage is poor. This is expressed by commonness of Licuala and "kabibi" in the 
nndergrowth along with young rattan rather than through canopy and thus photo 
characteristics, and these stands seem to be transitional to the adjacent forest with an 
open canopy with scattered light-toned crowiis and with sago palms in the understorey 
(FodM). 

This last type (FodM) and tall forest with an open canopy and sago palms in the 
understorey (FoM) occur on inlperfectly to very poorly drained back plains that are 
flooded once every three years to twice atmually and are mapped as Po (9) land 
system. The drainage status of the plains carrying the former type is on the average 
better and flooding is less frequent than in areas carrying the latter type. 

Tall forest with an open canopy with scattered light-toned crowns (Fod) occurs 
on lower flood-plains, generally well to imperfectly drained but flooded annually to 
once every five years. These plains are located in lower parts of Papul(8) and Pual (lo) 
land systems. 

Higher terraces in the same land systems which are imperfectly to very poorly 
drained (summarized as ill-drained in the rest of this Part) carry tall forest with a 
rather open small-crowned canopy (Fos). In narrow valleys mapped as Basu (7) 
land system, the flood-plains and terraces are covered by tall forest with an open 

I small-crowned ca~~opy  with scattered light-toned crowns (Fosd). The deciduousness 
indicated by these crowns probably points to a certain seasonality in the drainage 
regime. 

A comparable condition is found on the allnvial fans mapped as Pagei (1 1) and 
Luap (12) land systems which are covered by forests with open canopies and dense 
understoreys (FosD, FodD). The type with the light-toned crowns (FodD) generally 
occurs in less ill-drained areas with stronger seasonally fluctuating water-tables. 

Dl. TALL FORESTS WITH RATHER OPBN IRREGULAR CANOPIES 

(a) Descriptions 

(if Tall Forest with a Rather Open Irregular. Canopy with Scattered Lighter-toned 
Crowns (Foid; 46 obs.; pictured on most plates).-The photo image of the canopy 
shows great variation in tree height and crown spacing. Closure also vanes but is 
generally rather open. Light-toned crowns are scattered to rather common. When 
the general tone of the canopy is dark the light-toned crowns are conspicuous; 
however, sometimes the general tone is rather light and the light-toned crowns merge 
into the overall tone. 

In the field the canopy was usually classified as open or inoderately dense, uneven 
or irregular, often with gaps. Cover values ranged from 10 to 30% and averaged 18 %. 
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Height values varied between 100 and 150 ft and averaged 118 ft. More or less 
emergent trees were on the average about 30 ft taller than the canopy trees, but 
occasionally up to 60 ft. Subcanopy trees are usually moderately dense and their 
crown cover values range from 30 to SO%, averaging 54%. Stem form is usually 
straight. Low-branching trees occur occasionally. On steeper slopes trees leaning 
over or bent at their base are commonly found. Small- and medium-girth sizes are 
dominant, large sizes are not common. Narrow buttresses are a common feature, but 
wide ones are relatively rare and are restricted to buttresses less than 5 ft high. Trees 
with stilt roots are virtually absent. 

The shrub layer is usually moderately dense, but sometimes open or dense. Its 
cover varies between 10 and 40 % and averages 20 %. Plants of slender habit tend to 
be more common than those of spreading habit. Visibility varies between 36 and 102ft 
and averages 62 ft. The cover of the herb layer varies between 1 and 15% and averages 
7 %. The plants a1.e generally well distributed and of many kinds. Seedlings are often 
predominant. 

Thick woody climbers are normally present, occasionally absent or common. 
Thin ones are present or common; rattan is absent, rare, or present, but seldom 
common. Epiphytes are usually present or common and of mixed composition. 

Palms are normally absent in the canopy, rare to rather common in lower 
tree layers, and present to very common in the shrub layer. Many species occur; 
young rattan is usually present but generally not as conspicuous as in tall forest with a 
rather open canopy (Fa). Pandans are occasionally present amongst the lower trees 
and often present, sometimes rather common or common in the shrub layer. 

(ii) Tall Forest with a Rather Open Irregular Canopy (Foi; no obs.).-This type 
is identical with the type of the same name occurring in the Aitape-Ambunti area. 

(iii) Tall Forest with a Rather Open Irregular Canopy with Scattered Albizia 
(FoiA; no obs.; Plates 12 and 15).-This type is very similar to tall forest with a 
rather open irregular canopy with scattered light-toned trees (Foid). The shape of the 
lighter-toned crowns indicates that they belong to Albizia. This forest type is probably 
an old secondary one, but no field observations could be done to check this. 

(6) Ecology and Distribution 

Tall forests with rather open irregular canopies cover one-third of the survey 
area and are found on hilly terrain at low and medium altitudes. 

Tall forest with a rather open irregular canopy with scattered light-toned crowns 
(Foid) is the most important type, the other types together covering less than 1 % of 
the survey area. I t  occurs in most hilly land systems, but is less common in land 
systems overlying limestone. I t  is found under a wide range of conditions. Soils vary 
from silty loam to heavy clay and overlie different rock types. Slopes vary from gentle 
to very steep. Drainage is normally good to moderate, but is impeded on slump floors. 
The highest observation in this type was at an altitude of 1700 ft, about the maximum 
altitude at which it occurs. 

Tall forest with a rather open irregular canopy with scattered Albizia (FoiA) 
occurs only in parts of Puari (20) and Puive (21) land systems under conditions similar 
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to tall forest with a rather open irregular canopy with scattered light-toned 
crowns (Foid). 

Tall forest with a rather open irregular canopy (Foi) occurs on Yassip (18) and 
Morumu (19) land systems in continuity with its occurrence in the Aitape-Ambunti 
area. 

m. TALL FORESTS WITH RATHER CLOSED AND IRREGULAR CANOPIES 

(a) Descriptions 
I 

(i) Tall Forest with a Rather Closed Canopy (F; 2 obs.).-The photo image is 
rather similar to that of tall forest with a rather open canopy (Fa), but diiers in its 
closer crown spacing. 

The canopy is moderately dense or dense and its cover is about 40%. The 
canopy height is about 140ft with some scattered trees about 25 ft taller. Subcauopy 
trees are moderately dense and cover is 40-50 %. Trees of large girth are more common 
than in tall forest with a rather open canopy (Fo). In other aspects the types are 
rather similar. 

(ii) Tall Forest with an Irregular Canopy (Fi; 4 obs.).-The photo image shows 
irregular height and crown spacing of the canopy which is less open than in tau forests 
with rather open irregular canopies (Foi, Foid). Crown size tends to be rather uniform 
as large crowns arc rare. Tones fall in the medium and lighter group, and very light- 
toned crowns are rare. 

Many characteristics of this type are similar to tall forest with a rather open 
canopy (Fo). The main differences are found in the canopy, usually classi6ed as rather 
open, from which scattered trees emerge up to 60 ft above the canopy trees. This is 
the main cause for the irregularity of the canopy as seen on the aerial photographs. 
Palms are absent or rare in the tree layer and only present or rather common in the 
shrub layer. Young rattan is usually present, but never in large amounts. Climbing 
rattan is rare. On steeper slopes some trees lean over or are bent at the base. 

(iii) TallForest with an Irregular Canopy with ScatteredLight-toned Crowns (Fid; 
21 obs.; Plates 5 and I;?).-The photo pattern of this type is similar to that of tall 
forest with a rather open irregular canopy with scattered light-toned crowns (Foid), 
but with a less open canopy, and also to tall forest with an irregular canopy (Fi), 
except for light-toned crowns which are more common. 

The canopy is usually moderately dense or rather open and its cover averages 
32%. Its height varies between 105 and 150ft and averages 115 ft. Taller trees are 
not as conspicuous as in the previous type and are up to 50 ft above the canopy. 
Subcanopy trees are moderately dense and their cover averages 46 %. The cover of the 
shrub layer averages only 14%. In other aspects this type is similar to tall forest with 
an irregular canopy (Fi). 

(iv) Tall Forest with an Irre,&ar Small-crowned Canopy with Scattered Light- 
toned Crowns (Fisd; 4 obs.; Plate is).-The photo image has an even medium grey 
tone with often numerous light-toned specks which are the crowns of trees protruding 
above the canopy. The canopy is rather open and irregular and consists of even-sized 
smaU crowns. 



92 P. C. HEYLIGERS 

In the field this type appeared rather similar to tall forest with an irregular canopy 
with scattered light-toned crowns (Fid). The average canopy height was slightly 
greater and the cover vah~es for the subcanopy and shrub layers were about 10% 
higher than those of the latter type. Palms are absent in the tree layers and normally 
rare in the shrub layer. Rattan is normally absent. 

(6) Ecology and Distribution 

Tall forest with an irregular canopy with light-toned crowns (Fid) covers 5.5% 
of the survey area, tall forest with a similar but small-crowned canopy (Fisd) 6.0%, 
and the other types together just 1 %. They all occur at lower and medium altitudes. 
Tall forest with an irregular canopy with scattered light-toned crowns (Fid) has the 
greatest range and reaches an altitude of about 2000 ft, north of the Bewani Mountains. 

Tall forest with an irregular small-crowned canopy with scattered light-toned 
crowns (Fisd) is only found in the west of the survey area, scattered over eight land 
systems. With its largest arcas in Ijapo (28), Jassi (31), Kohari (35), and Serra (36), it 
appears to be indicative of areas where limestone predominates in the lithology. 

The occurrences of tall forest with an irregular canopy with scattered light-toned 
crowns (Fid) are spread over the survey area on 15 land systems. The largest areas are 
in Isi (Is), Muru (17), Oeliake (32), and Serra (36). This forest type is found on a 
variety of land forms: crests, slopes, slump benches, upper river terraces. Soils vary 
from clay loams to heavy clays and are generally well drained. 

Tall forest with an irregular canopy (Fi) covers only minor areas in Fivuma (16) 
and Mnra (17) land systems under conditions similar to the previous type (Fid). 

Tall forest with a rather closed canopy (F) is virtually limited to the western 
occurrences of Papul (8) land system where it is found on well-drained river terraces. 

V. MID-HEIGHT FORESTS WITH O P ~ N  CANOPIES 

(a) Descriptions 

(i) Mid-height Forest with a Rafher Open Canopy (Fmo; 5 obs.; Plates 9 
and 13).-This type differs from tall forest with a rather open canopy (Fo) in its lower 
stature, smaller crowns, and slightly darker tone. 

I t  is a sera1 forest type that succeeds cane grass vegetation (Gt) on lower river 
terraces and scrolls and leads to tall forest with a rather open cauopy (Fo). Younger 
stages of this forest type are dominated by Timonius, with Althofia, Artocarpus, 
Casuarina, and Ficus of lesser importance. Canopy height is about 50 ft  and total 
covcr of tree crowns is 40-60%. All trees have small girths. The shrub layer is very 
open; the herb layer dominated by grasses covers about 40%. Only thin woody 
climbers are present. There are no rattans or other palms and no epiphytes. 

In later stages the pioneer species are replaced by other species, e.g. belonging 
to the genera Albizia, Canariunz, Martgifea, Rlzus, and Spondias. Canopy height 
increases and emergent trees occasionally reach 115 or 130 ft. The canopy is usually 
rather dense with the lower tree layer more open, a relationship that changes when the 
canopy height approaches 100 ft. Small girth classes are still predominant, but larger 
girths are also found. A shrub layer develops and grasses in the herb layer give way 
to other herbs. Climbers and usually epiphytes become common. Palms are present 
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in the tree layers and common in the shrub layer. Young and climbing rattans 
normally become common. Pandans are usually rare but locally common in canopy 
and undergrowth, in which case they represeut a transition to the next type (FmoP). 

(ii) Mid-height Forest with an Open Cafzopy in which Pa~zdans are Predominant 
(FmoP; 1 obs.).-The photo image is similar to that of the previons type (Fmo) but 
has a lighter tone and densely scattered light-toned crowns, both caused by a high 
percentage of pandans in, and emerging from, the canopy. 

In the field a dense vegetation was found, only about 35 ft high bnt with scattered 
emergents up to 100 ft. A large-crowned and stilt-rooted pandan was very common 
in the canopy and amongst the emergents. The shrub layer, mainly composed of young 
pandans, was virtually continuous with the canopy layer. Visibility was only 35 ft. 
Some Licuala palms occurred, but rattan was absent. Flagellaria was common amongst 
the climbers. 

(iii) Mid-height Forest with an Open Irregular Canopy with Pandans and Sago 
Palms Conzmon (FmPM; no obs.; Plate 19).-The photo image is not unlike that of 
the previous type (FmoP), but it has more patchy tone contrasts due to the gregarious 
occurrence of sago palms. 

No ground observations have been made. The canopy is probably higher and 
more open than in mid-height forest with an open canopy in which pandans are 
predominant (FmoP). In the understorey pandans and sago palms are very common, 
the latter locaily forming almost pure patches. 

(iv) Mid-height Forest with an Open Canopy and Sago Palms in the Understorey 
(FmoM; no obs.; Plate 6).-The photo image is rather similar to tall forest with an 
open canopy and sago palms in the understorey (FoM), but owing to a more irregular 
spacing of the crowns the fine texture of the understorey of sago palms is clearly visible. 

I Ground observations in the Aitape-Ambunti area have shown that the canopy 
is very irregular in height aud closure. The average height is about 80 ft with 
occasional taller trees to 105 ft. The canopy cover varies between 10 and 25%. The 
rather dense to dense subcanopy is dominated by sago palms, 40-50ft tall, 
covering 40-60 %. 

(b) Ecology and Distribution 

Mid-height forest with a rather open canopy (Fmo) occurs on scrolls and lower 
terraces in Papul (8) and Pual (10) land systems, forming just over 1 % of the survey 
area. These localities are generally poorly drained and flooded at least once every 
three years, but often more frequently. Mid-height forest with an open canopy in 
which pandaus are predominant (FmoP) occurs only on iu-drained back plains in 
Leitre (3) land system which are flooded at least once a year. Mid-height forest with 
an open, irregular canopy with pandans and sago common (FmPM) occurs in Nubia 
(2) and Leitre (3) land systems in frequently flooded, periodically or permanently 
swampy situations caused by poor through drainage. Some mid-height forest with an 
open canopy and with sago palms in the understorey (FmoM) is also found here, b~lt  
this type has its main occusreuce in Pandago (5) land system in areas shallowly 
inundated for up to 5 months per year. 
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VI. MID-HEIGWI FORESTS WITH IRREGULAR OR RATHER OPEN IRREGULAR CANOPIES 

(a) Descriptions 

(i) Mid-height Forest with an Irregular Canopy (Fmi; 12 obs.; Plates 16 and 
20).-The photo image shows a canopy composed of small and very small crowns in 
various tones of grey to light grey, which are irregularly spaced horizontally as well as 
vertically. 

The field observations confirmed this irregular structure of the canopy. Tree 
layers were often indistinct; crowns of lower trees merge with and fill gaps in the 
canopy, thus forming part of it. The cover of the canopy crowns and those of the 
lower trees, where separable, is of the order of 40 %; where they are indistinct, total 
crown cover is about 70%. Height varies considerably, also within stands. Average 
maximum height of the canopy is 90 ft. Scattered trees normally reach up to 30 ft 
above the canopy. 

Trees of small and medium girths are common, but trees of large girths are rare 
if present at all. The stem form is usually straight, but trees leaning over or bent at 
their base are sometimes common, especially on less stable slopes. 

The shrub layer covering about 22% is usually dense or moderately dense; the 
visibility averages 53 ft. Palms, normally rare or present in the tree layers, are rather 
common or common in the shrub layer. Young rattan is always present but rarely 
common. Pandans are rare or present, and saplings are usually quite common in the 
shrub layer. 

The herb layer covers about 16% and always has a mixed composition. 
Freycinetia is often conspicuous. 

Lianes are present, but only occasionally common. They are predominantly 
thin woody and include rattan. Epiphytes and epiphytic climbers are usually common 
and include aroids, ferns, mosses, and Freycinetia; the last is often common. 

In some areas very irregular patches in mid-height forest with an irregular 
canopy (Fmi) were seen on the photographs. It is supposed that these are sera1 states 
of this forest following disturbance of the original forest cover by slumping. These 
patches are indicated by the symbol Fmi'. 

(ii) Mid-height Forest with an Irregular Small-crowned Canopy (Fmis; no obs.; 
Plate IS).-The photo image shows patches of small-crowned, slightly irregular canopy 
alternating with less small-crowned more irregular patches. Very tall light-toned 
emergents can just be distinguished, which from aerial reconnaissance appear to be 
Araucaria. 

(iii) Mid-height Forest with an Irregular Canopy with Scattered Albizia (FmA; 
no obs.).-In an area on the watershed of the Torricelli Mountains, light-toned 
emergent trees occurred in a forest otherwise similar to mid-height forest with an 
irregular canopy (Fmi). These trees were identified as Albizia and the type is probably 
an old secondary forest. 

(iv) Mid-height Forest with a Rather Open Irregular Canopy (Fmoi; 6 obs.; 
Plates 13, 14, 16, 2O).-The photo image is similar to that of mid-height forest with 
an irregular canopy (Fmi), but the canopy is more open. 
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Field observations also showed the similarity to this type. Spacing between the 
taller trees, however, is wider and this causes the open canopy image on the photo- 
graphs. Canopy cover is only about 25%, but because the lower tree layers normally 
merge with the canopy, thus closing the gaps, the overall cover of the tree layers is the 
same as in mid-height forest with an irregular canopy (Fmi). 

(6) Ecology and Distribution 

Mid-height forest with an irregular small-crowned canopy (Fmis) occurs only 
in one area on the south-east slopes of Mt. Bougainv~lle at an altitude between 1000 
and 2600 ft in Oenake (32) land system. Because of the inaccessible nature of the 
terrain no ground observations were made, and no explanation can be suggested as to 
why Araucaria is particularly common in this forest type. 

The other mid-height forests with irregular canopies are located in the Torricelli 
and Bewani Mountains, except for a few scattered occurrences on higher hills in the 
intermontane trough. Lowest boundaries of mid-height forests with irregular canopies 
(Fmi, Fmoi) are at about 300 ft on some of the hills and at about 800 ft at the foot of 
the mountains. These forests cover aU of the lower parts of the mountains. They 
generally occur on very steep topography and the degree of closure of the canopy is 
probably influenced by slope stability. These areas, mapped as a mosaic of mid- 
height forest with an irregular canopy and its sera1 stages (FmiIFmi'), have probably 
a high degree of slope instability. The field observations for mid-height forest with an 
irregular canopy (Fmi) and mid-he~ght forest with a rather open irregular canopy 
(Fmoi) suggest that the latter type generally occurs on steeper slopes than the former. 

There is a considerable overlap in altitude between tall forests with irregular 
canopies (Foid, Fid) and the mid-height forests with similar canopies (Fmoi, Fmi). 
The tall forests generally occur on less steep topography. Another factor causing the 
lower height could be increased cloud cover and/or rainfall induced by the mountains. 

VII. MID-HEIGHT FORESTS WITH DENSE CANOPIES 

(a) Descriptions 

(i) Mid-height Forest with a Rather Dark-toned, Rather Even Canopy (Fm; 
no obs.; Plate 20) and Mid-height Forest with an Even Canopy (Fmv; 2 obs.; 
Plates 13 and 16)-The photo images of these types are similar; the canopy consists 
of small crowns all of nearly even height, and very smaU, slightly lower crowns. Both 
types are characterized by an even tone, in contrast with mid-height forests with 
irregular canopies (Fmi, Fmoi) which have mixed tones. However, mid-height forest 
with an even canopy (Fmv) has a lighter tone than mid-height forest with a rather 
dark-toned, rather even canopy (Fm). 

Field observations in mid-height forest with an even canopy (Fmv) confirmed the 
even height of the canopy: the average height was about 90 ft and scattered, slightly 
emerging trees were only 15 ft taller. Total cover of the tree layers is 60-70% and 
small girth classes predominate. No observations were made in mid-height forest with 
a rather dark-toned, rather even canopy (Fm), but it is expected to be identical to the 
same type mapped in the AitapeAmbunti area. 



(ii) Mid-height Forest with a Very Dense Canopy (Fmc; no obs.) and Mid-height 
Forest with a Very Dense Canopy of Irregular Height (Fmci; no obs.; Plate 14).- 
The photo image of mid-height forest with a very dense canopy (Fmc) is similar to that 
of mid-height forest with a rather dark-toned, rather even canopy (Fm) but the canopy 
is denser. The canopy of the other type (Fmci) has a greater variation in height and its 
tone is less even, similar to mid-height forest with an irregular canopy (Fmi). 

No observations were made in these types, but from a distance some Araucaria 
was seen in mid-height forest with a very dense canopy of irregular height (Fmci) on 
Mt. Bougainville. Casuarina was observed to b e a t  least locally common in the 
Bewani Mountains. 

(b) Ecology and Distribution 

Mid-height forests with dense canopies are found in mountain areas on the 
crests and upper slopes. These localities are normally clouded in for a shorter or 
longer part of the day due to the influence of the topography on the daily atmospheric 
rhythm. 

Mid-height forest with a rather dark-toned, rather even canopy (Fm) is 
particularly common in Somoro (39) land system, but occurs throughout the highest 
parts of the Bewaui aiid Torricelli Mountains. Its range in altitude is from 1600 to 
over 6000 ft. 

Mid-height forest with an even canopy (Fmv) is almost restricted to the eastern 
half of the survey area. It occurs in eight land systems, but is most common in 
Piore (25). It is normally found at lower altitudes than the previous type (Fm), 
viz. 800-2600 ft, except for one occurrence that reaches 4250 ft. 

Mid-height forest with a very dense canopy (Fn~c) is codned to Mt. Bougain- 
ville. Mid-height forest with a very dense canopy of irregular height (Fmci) occurs 
also on this mountain, but has its largest distribution in the Bewani Mountains. They 
occur on limestone plateaux and plateau remnants of Serra (36) land system. Their 
altitudinal range is from 650 to 4000 ft. 

Three types of Casuarina vegetation are found in the survey area. They all have 
a restricted distribution and characterize unstable or young environments. On the 
aerial photographs these types stand out because of their dark tone and the smooth 
texture of the small crowns. 

Casuarina equisetifolia forest (Cq; 2 obs.; Plate 19) occurs on beach ridges 
near the mouth of the BLiri River, which forms a part of Nubia (2) land system. It 
is an open forest of even height dominated by 160-ft-tall trees of C. equisetifolia. 

Casuarina cunningl~amiana-Eucalyptus deglupta forest (CE; 1 obs.; Plate 10) 
occurs on terraces along the Bewatli and Puwaui Rivers where the rivers flow out from 
the mountains. Height and closure vary considerably, because the destructive floods 
keep much of this vegetation in early sera1 stages. Mature stands, which develop 
when the river changes course, have a very open canopy about 100 ft high and are 
dominated by the two species mentioned. 

Casuarinapapuana (Ca; no obs. ; Plate 20) colonizes landslides in the mountains 
mainly mapped as Somoro (39) land system. 
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M. PALM AND PANDAN VEGKTA~ON 

Sago palm vegetation (M; 2 obs.; Plates 6, 11, and 19) has a blotchy dark- 
toned photo image which has an even, very fine texture. Sago palm vegetation with 
emergent trees (Me; 1 obs.; Plates 10 and 19) differs from it in the occurrence of more 
or less numerous emergent trees. Immature palms are usually about 40-50 ft tall, but 
flowering palms can grow to 100 ft. Emergent trees reach heights of about 115 ft. 
Stenochlaena, a climbiilg fern, is often abundant on these trees. Both types are found 
in swales between beach ridges of Nubia (2) land system, in back swamps in the 
coastal plain belonging to Leitre (3) and Pandago (5) land systems, in blocked valleys 
mainly in Kabuk (4) and some in Pandago (5) land system, and on ill-drained areas of 
the alluvial fans mapped as Nabes (14) land system. The localities are allnually 
inundated for at least one month, often longer, and the soil usually remains ill drained 
or swampy throughout the rest of the year. Sago palm vegetations (M, Me) cover 
about 0.8 % of the survey area. 

The sera1 vegetation on Nigia (6) land system has provisionally been mapped as 
sago palm vegetation (M) because the commonness of sago palms in this land system 
could lead to their dominance. 

Nypa palm vegetation (N; no obs.; Plates 6 and 19) has a photo image similar 
to sago palm vegetation (M) but it is a little lighter in tone and often speckled rather 
than blotched. This vegetation type, indicative of brackish environments, is poorly 
developed in the survey area. It is only found in some swales and along tidal creeks in 
Nubia (2) and Leitre (3) land systems, often in juxtaposition with rather stunted sago 
palm vegetation (N/M). 

Pandan vegetation @'; no obs.; Plate 6) was seen from the air to occur in mosaic 
with sago palm and herbaceous vegetation (H/M/P) in the back swamps of the coastal 
plains, mapped as Leitre (3) land system, and probably indicates permanently wet 
habitats. 

1 

Grasslands and other herbaceous vegetation types cover less than 1 % of the 
survey area. 

Cane grass (Saccharurn robusturn) vegetation (Gt; no obs.; Plates 9 and 13) 
occurs along rivers, especially along their middle courses, in Papul (8) and Pual (10) 
land systems. I t  colonizes bars and low banks where sand and silt are deposited during 
floods which occur at least twice per year. 

Other grass vegetations in the survey area are fire disclimax communities which 
are restricted to older beach ridges in Nubia (2) land system. Imperata is usually 
predominant but other grasses and herbs are often intermixed. In ill-drained situa- 
tions, e.g. shallow swales and higher parts of back swamps of Leitre (3) land system, 
sedges become predominant. Scattered fie-tolerant trees, pandans, and shrubs usually 
occur and give the vegetation a savannah-like physiognomy. This vegetation is 
indicated on the map by the symbol V (Plates 6 and 19). 

In the blocked valleys and hack swamps of Kabuk (4) land system where the 
water-table is too high to permit sago palm vegetation (M) to develop, Hanguana 
takes over. In Leitre (3) land system where the soil periodically becomes dry, sedge 
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and fern vegetations are found. Aquatic vegetation occurs in the channels with open 
water in these land systems. These vegetation types have not been mapped separately 
and all are indicated by the symbol H (Plates 6 and 19). 

XI. SECONDARY VEGETATION 

Vegetation types resulting from shifting cultivation cover less than 5 % of the 
survey area and they are mainly found in the following land systems: Madang (I), 
Nubia (2), Fivuma (16), Puari (20), and Flobum (24). Smaller occurrences are 
spread over 14 other land systems. 

Gardens, plantations, regrowth, and young secondary forest have been mapped 
by the symbol R, medium-aged secondary forest up to 65 ft tall by FRm, and old 
secondary forest by FR. Where all these stages occur together they are indicated by 
the symbol R-FR (Plates 5, 6, 11, and 19). 

The symbol MR means that either sago palm vegetation has been noticeably 
exploited or sago palms have been planted, as for instance in Flobum (24) land 
system. 

A more detailed description of secondary vegetation is given in the report on the 
Aitape-Ambunti region (Heyligers 1972) where secondary vegetation covers much 
larger areas than in the Vanimo region. 

X I .  REmmce 
~ Y L I G E R S ,  P. C. (1972).-Vegetation and ecology of the AitapeArnbunti area. CSIRO Aust. Land 

Res. Ser. No. 30, 73-99. 



PART VIII. FOREST RESOURCES OF THE VANIMO AREA 

By J. C. SAUNDERS* 

The aim of this Part and its associated map is to describe the forest resources of 
the area, indicating the location and extent of forests and assigning estimated stocking 
rates to each forest type. The land has also been classified into categories giving 
indexes of accessibility. A summary of the forest resources appears in Table 22. 

TABLE 22 
SUMMARY OF FOREST ReSOURCES 

Class of forest 

Very high productivity 
High productivity 
Moderate productivity 
Low productivity 
Very low productivity 
Nil productivity 

Area 
(sq miles) 

110 
310 
10 

1080 
400 
25 

Estimated Forest 
stocking rate Access index* productivity 
(super ftlac) index* 

*These ratings are from 0 (totally inaccessible, zero productivity) to 100 (no access 
problems whatsoever, maximum productivity). 

The forest types described are commercial forests, i.e. they contain at least 3000 
super ft of standing timber per acre from trees having a minimum girth of 5 ft at 
breast height (or above buttresses). Therefore, although they retain the same nomen- 
clature as those in Part VII to facilitate cross-reference with general descriptions, they 
may differ, often markedly, in areal extent. 

Commercial forest (hereinafter referred to as forest) covers 90% of the area, 
occurring in a wide range of environments from sea level to approximately 6000 ft. 
Within this range the forests exhibit an almost continuous distribution pattern 
primarily due to the relatively low overall population density, both past and present, 
and to the scarcity of herbaceous and other uon-woody swamps. Consequently the 
area is relatively rich in forest resources. 

In the central higher parts of the inland ranges, landslides frequently occur and 
the resulting sera1 vegetation is non-commercial. Both this vegetation and the 
remaining forests are invaluable as protective cover for the watershed. 

* Division of Land Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601 



Much of the Vanimo area had been previously surveyed in greater detail by the 
Department of Forests, Papua New Guinea (D. H. McIntosb, personal communica- 
tion), with a view to purchasing timber rights. Part of the area had been leased and 
exploitation comnlenced, in the vicinity of Vanimo, prior to the CSIRO resources 
survey. The operation mainly involved the exporting of logs, but included a small 
local milling project to supply sawn timber for local consumption. 

Appendix I should be consulted for definitions of the terms used in this Part 
except where they are explained in the text. It is stressed that all indexes used are 
designed to indicate the position of one land system (or forest type) relative to the 
others in respect of each index parameter and have no absolute values. 

11. PHOTO INTERPRETA~ON AND FIELD WORK 

Preliminary photo interpretation was carried out in close association with the 
plant ecologist, and recognizable photo patterns were delineated. These patterns were 
distinguished on the basis of the recurrence of identical crowns, recognizable species, 
and canopy characteristics such as height, closure, evenness, crown size, occurrence of 
emergents, and topographic position. 

In the field, where possible, the forest was sampled by three circular plots each 
+ ac (land surface) in extent. The first of the three plots was centred on the soil 
hole selected by the pedologist. The remaining two were located at least 150 ft in any 
direction from the centre of the first plot, and on the same type of land. 

Data recorded for all trees of 5 ft girth or more included girth at breast height 
(or above buttresses), merchantable length, total height, botanical name, and local 
name in Amele (Madang) language. Each tree was also classed, on form and external 
symptoms of defects, as suitable or likely to be unsuitable for milling. In cases where 
a tree was found on the edge of a plot, the position of the geometric centre of the bole 
at breast height was the reference point for total acceptance into or rejection from the 
plot. Gi rd  measurements were made by girth tape in 1-ft classes, and merchantable 
length by a Blume-Leiss altimeter in 5-ft classes. Where the botanical name of a tree 
was in doubt, a wood sample was taken and later compared with herbarium-supported 
wood samples. 

Remarks on forest and site quality, including evidence of human interference 
and fallen trees, were also made, while other site factors such as slope, soil, etc., were 
observed by other team members. The foregoing information was augmented by 
visual observation when flying over forests at low altitude and by the observations of 
the plant ecologist. Where applicable, plot information observed on identical forest 
types in the AitapeAmbunti area was included in the assessment. 

From the qualitative and quantitative information collected on each plot, 
combined with a visual photo appraisal of each plot's representative value, estimated 
stocking rates were assigned to each forest type. The volumes quoted were based on 
the following formula and no allowance for internal defect was made. The bark 
allowance was 3 in. off girth. 

V = 80.31549 + 2.18592GZ - 1.15235H + 0.64224GZH, 
where 

V = log volume under bark in super ft true measure, 
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G = girth over bark above buttresses in ft  (calculated on the girth class mid- 
point), 

H = log length in ft (calculated on the mid-point of 5-ft classes). 

The assigned stocking rates are a very approximate indication of timber volume 
and IDIIS~ be used with caution as the total area of sample plots was only approx- 
imately 140 ac. They should be regarded as an indication of which forest types are 
worth more detailed investigation to assess accurate volume figures. 

In. C L A ~ S ~ C A T I O N  AND MAPPING 

(a) Classij?cafion 

In all, 27 forest types and 5 forest-type complexes are recognized on the basis 
or photo pattern, the criteria used being mainly structure and, in some cases, species 
recognition. The forest types are placed in five forest rodc t iv i ty  classes (high, 
moderate, low, very low, and nil) determined by their forest productivity indexes. 

Within these classes the forest types are grouped according to their broad type 
of habitat (Table 23): coastal, swamp, plains, and upland, the last including all 
dissected country, fans, hills, and mountains. Because of their wide range of habitats, 
secondary forest types are separated at this level, unless associated with another forest 
type in a mapping complex. 

(b) Mapping 
A map (scale 1 : 250,000) showing forest types accompanies this report. Colours 

indicate each forest productivity class. In general, each forest type is mapped 
separately. However, in certain parts of the area, where the distribution of forest 
types is too complicated to map at this scale, forest-type complexes are mapped. The 
approximate proportional representation of the component forest types in each 
complex is shown in the map reference. 

Terrain access categories are shown in Figure 10. 

IV. Access 

(a) Terrain Access Categories 

Slope, soil drainage and inundation, and flooding are expressed as indexes for 
each land system. On the basis of these indexes all land systems are grouped into 10 
broad access categories, as shown in Table 24 and explained in more detail in Appendix 
I. The slope, drainage/inundation, and flooding ~ndexes for each land system are 
converted into an overall access index (Appendix I) showing its accessibility relative 
to other land systems. The range of access indexes in each access category 1s also 
shown in Table 24, together with its area, forest cover, and component land systems. 
The access categories, the distribution of which is shown in Figure 10, are br~efly 
described below. 

Access category S consists of swamps aud unstable flood-out splays. It includes 
all land systems that are mainly inundated or very poorly drained for periods of 5 
months or more per year. Some small areas may be accessible for brief periods dunng 
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TABLE 
MEASURED AND ESllMATBD PRODUCTPTW 

Area Bole (ft) 
Class of forest Forest (sq Sample Treeslac Reject Modal 

type miles) (ac) Range Av. (%) Range class 

Very high productivity 
Forest on plains F 14 2 10-18 14 7 15-75 60-70 
Forest on upIands FodD 95 9 4 9 10 20-70 60-70 

High productivity 
Forest on plains Fo 135 21 1-15 10 9 15-70 50-60 

Fod 80 3 5-9 7 0 20-70 50-60 
Fos 12 2 8-9 8 5 20-60 4&50 
Fosd 35 1 - 9 0 20-60 50-60 

Forest on uplands FosD 35 2 8-10 9 16 45-65 50-60 
Moderate productivity 

Forest on uplands Fi 4 4 &15 11 10 3 M 5  50-60 
Foif 4 - 5-8 6 4 20-70 50-60 

Low productivity 
Forest on plains FodM 20 1 7 28 40-50 40-50 

FoM 30 I - 8 12 20-70 50-60 
Fmo 12 2 3-7 5 10 10-50 50-60 

Forest on uplands Foid 730 42 4-17 9 9 15-90 50-60 
Fid 115 17 5-17 10 14 15-75 50-60 
Fisd 130 4 10-17 14 12 20-70 5&60 

Coastal forest Cq 1 2 9-11 10 - 40-70 5 M O  
Secondary forest FR 45 4 2-10 5 4 15-70 50-60 

Very law productivity 
Swamp forest FmoMt 7 - 3-7 5 10 20-50 30-50 
Forest on uplands FoiA 13 - (4-17) 9 (9) (15-70) (40-50) 

Fov 4 - (4-17) (9) (9) (15-70) (50-60) 
Fmis 5 - (1-10) (9) (5) (10-90) (50-60) 
Fmi 200 11 1-10 7 5 10-65 50-60 
Fmv 50 2 9-10 9 0 20-70 50-60 
Fmt 10 - 8-10 9 6 15-65 40-50 
Frnoi 125 5 8-11 9 10 15-70 40-50 

Nil productivity 
Forest on uplands Fmc 4 - (9) (40-50) 

Frnci 20 - (9) (40-50) 

*Indexes: SI, slope; Dl, soil drainagelinundation; F, flooding; AI, access; SR, stocking rate; 
t Observations from Aitap%Ambunti area only. 
( ), Estimated values, no field observations. 
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23 
PARAMETBRS OF FOREST TYPES 

Girth (ft) 
Range %in 

7 f t t  

Stocking rate 
Usage group (% vol.) (super ft/ac) Index* 

1 2A 28 3 4A 4B 5 Max. Est. SI Dl F AI SR FP 
record av. 

FP, forest productivity. 



TABLE 24 

NATURE OF ACCESS CATEGORIES A m  OJSTRJBUTION OVER LAhU SYSTEMS 

Access Area % Indexes* Accessibility 
category (sq miles) Forest SI DI F A1 

Land systems 

S 35 21 0 75-100 0-6 0-24 Nil to very poor, rarely Leitre (3), Kabuk (4), Pandago (5), 
poor Nigia (a, Nabes (14) 

100 2 45 3 Po (9) 
? 

W 60 50 Moderate 
Iw 100 92 0-1 23-30 0 70-76 Good Nubia (2), Pagei (I 1) 0 
IFw 290 90 2 4  22-25 2-3 71 Good, subject to flooding Papul(8), Pual (lo) 
IF 35 94 6 17 2 75 Good, subject to floodlng Basu (7) 
I 70 91 4-1 8 8-10 0 64-87 Good to very good Madang (11, Luap (12) 

E z 
I1 420 99 2843 8-13 0 49-64 Moderate, rarely good Isi (15), Puive (Zl), Punan (29), 

Jassi (31), Oenake (32) 
z 

IIw 40 100 40 21 0 39 Moderate, rarely poor Muru (17) 
z 

IJI 640 94 45-68 8-15 0 21-42 Poor, rarely moderate Punwep (13), Fivuma (161, Yassip (181, 
Morunlu (19), Numoiken (22), Flobum 
(24), Piore (25), Wuro (26), Ijapo (28), 
Limio (301, Barida (33) 

N 450 80 73-93 8-13 0 0-19 Nil to very poor Puari (20), Musak (23), Sulen (27), Musu 
(34), Kohari (39, Serra (36), Kum (37), 
Mup (38), Somoro (39) 

*Indexes: SI, slope; Dl, soil drainage/inundation; F, flooding; AI, access. 
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the dry season. This category covers substantial areas of the coastal plain, scattered 
parts of the alluvial plains of the major rivers, and minor areas on the fans of the 
intermontane lowlands. It covers an area of 35 sq miles including 7 sq miles of forest. 

Access category W consists of poorly drained plains. Slope and relief are 
negligible. Because of inundation and drainage conditions large areas may be 
inaccessible for up to 5 months per year, and minor areas for longer periods. However, 
by selecting routes and building causeways access may be possible to large areas for 
most of the year. This category is distributed throughout the coastal and alluvial 
plains and covers a total area of 60 sq miles, all of it forested. 

Access category Iw land consists of alluvial fans and fan remnants. It also 
includes the beach ridgelswale complex. Much of the land is well to imperfectly 
drained but some parts may be poorly to very poorly drained, and minor areas may be 
inundated for up to 5 months per year. As a whole the category presents good access. 
It is distributed mainly in the western part of the intermontane lowlands with smaller 
areas along the coast and scattered throughout the inland ranges. Access category 
Iw covers a total area of 100 sq miles of which 92 sq miles are forested. 

Access category IFw consists of flood-plains including terraces and scroll plains 
and is generally similar to category Iw except that it is subject to flooding, sometimes 
serious, at least once a year. Access is considered to be good. It includes the greater 
part of the alluvial plains and occurs as scattered areas throughout adjacent regions, 
covering a total area of 290 sq miles of which 261 sq miles are forested. 

Access category IF  consists of valley floors and terraces which receive damaging 
floods at least once a year. Except for this hazard it is comparable with access 
category I. It occurs almost exclusively in the intermontane lowlands along larger 
streams. Of a total area of 35 sq miles, 34 sq miles are forested. 

Access category I land consists mainly of better-drained areas, including the 
coastal plain and some fans and undulating surfaces, generally with slopes of less 
than 10" and with nil to low relief. It presents no internal access problems except 
perhaps minor areas of imperfect to poor drainage and minor areas of steep slopes. It 
is distributed mainly along the western part of the coastal plain and of the inter- 
montane lowlands. Access category I covers a total area of 70 sq miles of which 
61 sq miles are forested. 

Access category I1 land consists mainly of low hilly country and summit 
plateaux. Slopes are generally moderate and relief varies from very low to moderate. 
Some areas of steep slopes and minor areas of imperfect to poor drainage occur but are 
easily avoided. This category occurs mainly on the coastal ranges and throughout the 
intermontane lowlands. It covers a total area of 420 sq miles, almost entirely forested. 

Access category IIw land consists of low to moderate ridges often with moder- 
ately steep dip slopes and very steep outcrop slopes. The dip slopes and slump floors 
may be imperfectly to very poorly drained causing moderate to poor access. It occurs 
in the central part of the intermontane lowlands covering a total area of 40 sq miles, 
aU of which is forested. 

Access category I11 land consists mainly of high hilly country or strongly 
dissected low hills with steep slopes and relief varying from very low to high. Access 
difficulties are caused by steep slopes and minor areas of poor drainage, e.g, slump 
floors. It occurs mainly at lower altitudes along the inland and coastal ranges and in 
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parts of the intermontane lowlands. It covers a total area of 640 sq miles including 
600 sq miles of forest. 

Access category IV land consists mainly of very high hilly and mountainous 
country with very steep slopes, and relief varying from low to very high. Some areas 
of lesser slope may be utilized but generally the slopes are too steep for road-building 
and forest areas are best left as watershed protection. This category is associated 
almost entirely with the coastal and inland ranges but scattered occurrences are found 
elsewhere. It covers an area of 450 sq miles of which 360 sq miles are forested. 

(b) General Conclusions 

Although vehicular access in the area was extremely limited at the time of the 
survey, a study of the land systems and their attributes would suggest that the 
limitations were largely economic rather than physiographic. It appears that road 
links between Vanimo and most of the area are feasible via the alluvial plains and 
adjacent foothills of the Pual River and its tributaries. Such a road network would 
allow access to most of the intermontane lowlands, to the alluvial plains of both the 
Pual and Bliri River systems, to the foothills of the inland ranges, and to the more 
accessible southern parts of the coastal ranges. 

The coastal plain, west of the Basu River, generally has good access but to the 
east has poor access owing to the prevalence of poorly drained and swampy areas. 
East of the Serra Hills access is again good, particularly on beach ridges. 

The alluvial plains of the major rivers generally have good access except for 
minor occurrences of poor drainage and swamp. Much of this region is subject to 
short-duration flooding but the higher terraces are free from this hazard. 

The coastal ranges have high very steep to precipitous slopes with scarps along 
much of their northern face and are better approached from the south in most 
cases. In general the plateaux have reasonable access if the deeply incised rivers 

I 
can be avoided. 

In general the intermontane lowlands have good access with minor exceptions 
in poorly drained or swampy parts and on very dissected land. 

The inland ranges are generally inaccessible except for the foothills zone 
adjacent to the intermontane lowlands. Even here access is poor mainly because of 
steep slopes. 

The major rivers (Pual and Bhri) would not appear to be navigable for practical 
purposes, nor suitable for floating logs in any quantity, except perhaps in their lower 
reaches. 

As mentioned in Part I, Vanimo is the only suitable anchorage m the area and is 
the obvious outlet for the area. Port facilities for handling cargoes of timber are 
already in existence. 

V. DESCRIPTION OF FOREST TYPES 

(a) General 

Only one forest type grows on the coast and only one in the swamps, each 
occupying its own restrictive habitat. Nine forest types are recognized on plains, the 
habitat of each being dictated mainly by soil drainage, inundation, and flooding. 



J. C .  SAUNDERS 

TABLE 
TREES RECORDED AND THEIR FREQUENCY 

P, predominant, > 80 %; D, dominant, 5&80%; S, subdominant, 2&50 %; V, very common, 15-20%; 

Botanical name F t  Fo FoMi Fod FodMt Post Fosd Foii Foid PosD 

Agiaia 
Ailanthus 
Aibizia 
Aistonia scholaris 
Anthoceplralus 
Aporosa 
Artocarpus 
Buchnnania 
Calophyilunz 
Campnospe~ma 
Conanga odorata 
Cnnorium 
Cmaria 
Casfanopsis 
Casuarina equisetifoiia 
Celtis 
Ceitis nymanii 
Cerberafloribunda 
Clzisocheton 
Clntysophyilum 
Cl~znamomurn 
Claoxyion 
Co~dia 
Cryptocarya 
Diiienia 
Diospyros 
Dracontomeimn 
Dysoxylum 
Eiceocarpus 
Endosperrnunt 
Euodia 
Fagroea 
Ficus 
Ficus (stranglers) 
Fli~zdersia 
Gnrcinia 
Garugafloribuda 
Glochidion 
Gynntacranrhera 
Gynotroclres 
Hernarrdia 
Homaliu,n 
Ho,nonoia 
Hopea 
Horsfieldia 

R R R  R  R  0 R  
R  
R  

R  R  R  
R R  

R  R  
O R R  

R R R  
R  R  
R R R  

R  R  
R R R  

R O R  
R  R  

R  
R  

R  R  R  R R R  
R R R  

R R R  R  R  R  
R  R  R  R  R 

R  
R  

R  
0 R  R  
0 0 0  R R O  

R  
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25 
OF OCCURRENCE IN POREST TYPES* 

C, common, 10-15%; 0, occasional, 5-10%; R, rare, < 5 %; ( ),locally 
- 

FodD Fit Fid Fisd Fmot FmoMi Fmi Fmoi Fmv Fmt Cq FR 

R V R  
R 
R R 

R O R  

R 
R R R  

R 

R R O  

R R R  
R R 

R R R R  

R R R R  R R 
0 0 0  R 0 0 R 

R R R 
R R 

R O R  R 
R R 

R V R 
R R R R 
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Botanical name F t  Fo FoMf Fod FodMt Fost Fosd Foit Faid FosD 

Intsia bvuga 
Jagera 
Kingiodendron 
Litsea 
Mangifera 
Maniltoa 
Maranthes 
Mastixiodendron 
Microeos 
Myrisiica 
Nauclea 
Neorrauclea 
Neuburgia 
Ocromeles 
Polaguium 
Pangium 
Pararfocarpus 
Parasternon 
Pimeleodendron 
Pla~~chonella 
Planchonia 
Podocarpus 
Polyalthia 
Pometia pinnata 
Pometia tornerirosa 
Pterocarpus 
Prerocymbium 
Randia 
Sloanea 
Solenospermum 
Spondios 
Sterculia 
Syndyophyllum 
Syzygiuftt 
Terminalia 
Tetrameles 
T ~ a n u i o d e n d ~ o n  
Thespesia 
Trislania 
Tristiropsis 
Vitex 
l(malakbaiya) 

R R R R  S  

R 
R  
R  R 

R  R  R  

R  
R  V  

R R S  0 ( 8  

R  R  R  
R R R  R  R 
R  R  

R 

R  R  
R  R  
R  C R S  

R  R  R  
S S O O  R  

V  
O R R C  

R  
R  

O R 0 0  
R  

R R R  
R R R R  

R  R  0 
C R O V  S  

R  R  

R  

R  R  

R  
C R R  

* No 6eId observations in forest types FoiA, Fov, Fmis, Fmc, Fmci. 
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FodD Fit Fid Fisd Fmot FmoMt Fmi Fmoi Fmv Fmt Cq FK 

R 
R R R  

R R 
R 0 

R R 
R 

O O C  v 
V R S  

R 
R 

R R R  
R 

O O R O  

R R R  

R R R 
R R 
R 

t Augmented by AitapsAmbunti data. 

R 0 R R O  0 
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Fifteen forest types are recognized in upland situations. Generally the taller, more 
productive forest types occur on gentler slopes at lower altitudes. No doubt many 
environmental elemeuts interact to produce each habitat, some of the more obvious 
involved being climate as reflected in the proportion of deciduous trees (Fid forest), 
climate and altitude (Fm forest), and parent material (Fmc forest). The secondary 
forest type results from interference by man and in this area may be fonnd in any 
habitat, except in swamps and at high altitudes. Because of their sera1 status no firm 
description can be given, many stages often occurring in a mosaic pattern. 

To facilitate comparisons between the various forest types and to avoid 
repetition, both measured and estimated parameters applying to each forest type are 
listed in Table 23. Species recorded for each type are given in Table 25. The general 
descriptions are restricted to points of forestry interest and for full descriptions of 
each forest type, Part VII should be consulted. 

(b) Very High Productivity Forest 
(i) Forests on Plains 
(1) Tall Forest with Rather Closed Canopy (I?).-This forest has a very high 

productivity index. Apart from the subdominant Pometia pinnata, species com- 
position is mixed, no single species contributing more than 10% of trees present. 
Boles are generally straight, long, and clear with the exception of Pometia pinnata, 
Pterocarpus indicus, and Ficus spp. (strangler*). Girtl~s are large and the estimated 
stocking rate is high. 

The forest occurs on alluvial terraces that are not subject to flooding or receive 
minor rare floods only. 

The access index is very good and the forest is found mainly in the western part 
of the alluvial plains region, along the Pulan and Jassi Rivers. 

F forest is restricted to Papul (8) land system. 

(ii) Forests on Uplands 
(1) Tall Forest with an Open Canopy with Scattered Light-toned Crowns and a 

Dense Understorey (FodD).-This forest has a very high productivity index and is of 
mixed species composition with Intsia bijuga subdominant. No other single species 
contributes more than 10% of the individuals present. Boles are generally straight, 
long, and clear and girths large. The estimated stocking rate is high. 

The forest occurs on alluvial fans, generally well drained but sometimes 
imperfectly drained, mainly in the western part of the intermontane lowlands. Access 
is very good. 

FodD forest is restricted to Pagei (11) and Luap (12) land systems. 

(c) High Productivity Forest 
(i) Forests on Plains 
(1) TallForest with a Rather Open Canopy (Fo).-This forest has a high product- 

ivity index and is of mixed species composition with Pometiapinnata subdominant. No 
other single species contributes more than 10% of individuals present. Generally 

* These species together with Vifex cofassus generally have a poor stem form and are the main 
contributors to the reject percentage. 
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boles are long, straight, and clear. Girths are moderately large and stocking rate is 
high, locally very high. 

The forest occurs mainly on the better-drained, rarely flooded parts of alluvial 
plains and thus has a very good access rating. It is found mainly on the alluvial and 
coastal plains with isolated occurrences elsewhere. It is the dominant forest on 
Pual (10) land system and covers 10% of Papul (8) land system. Minor inclusions of 
other forest types do occur and are generally recognized by a striking change in species 
composition. Old flood-outs generally have a predominance of Octomeles sumatrana 
and frequently flooded plains and lower terraces commonly carry Neonauclea, 
Terminalia, and Nauclea. Levees generally carry a forest rich in Planchonia and 
Terminalia. 

(2) Tall Forest with an Open Canopy with ScatteredLight-toned Crowns (Fad).- 
This forest has a high productivity index and is of mixed species composition, 
deciduous trees being conspicuous. Boles are generally straight, moderately long, and 
clear. Girths are moderately large and the estimated stocking rate is moderate to high. 

The forest occurs on levees, higher scrolls, alluvial terraces, and the higher 
parts of back plains. Although sites are frequently flooded and drainage may be 
imperfect to poor, the access index is rated as good. It is found mainly along the 
middle parts of the Pual River and its tributaries. 

Fod forest covers about 30 % of both Papul(8) and Pual(10) land systems. 
(3) Tall Forest with a Rather Open Small-crowned Canopy (Fos).-The forest has 

a high productivity index and is of mixed species composition with Intsia bijuga 
subdominanl. Boles are generally moderately long, straight, and clear, and girths 
moderate to large. The estimated stocking rate is moderate to high. 

The forest is found on imperfectly to poorly drained alluvial terraces and has a 
good access index. It is confined to Papul(8) and Pual (10) land systems and has a 
scattered distribution pattern along the courses of larger rivers. 

(4) Tall Forest with an Open Small-crowned Canopy with Scattered Light-toned 
Crowns (Fosd).-The forest has a high productivity index and is of mixed species 
composition. Boles are moderately long, straight, and clear and girths tend to be 
moderately large. The estimated stocking rate is moderate to high. 

The forest is found on alluvial terraces and flood-plains in narrow valleys on 
imperfectly to poorly drained soils subject to occasional to frequent flooding. 
Nevertheless, access is considered good to moderate. Fosd forest is the predominant 
forest type on Basu (7) land system but minor areas are found on Papul (8) land 
system. 

(ii) Forests on Uplands 
(1) Tall Forest with an Open SmaN-crowned Canopy and a Dense Understorey 

(FosD).-The forest has a high productivity index and is of mixed species composition. 
Boles are moderately long and generally straight and clear. Girths are variable but 
tend to be small and the estimated stocking rate is moderate to high. 

The forest is found on imperfectly to poorly drained parts of alluvial fans in the 
intermontane lowlands region, mainly in the western part of the area. Access is 
moderate to good. FosD forest covers 30% of Pagei (11) land system, and also is 
present on Po (9) land system. 
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(d) Moderate Productivity Forest 

(i) Forests on Uplands 

(1) Tall Forest with an Irregular Canopy (Fi).-This forest has a moderate 
productivity index. Species composition is mixed, with Pomefia tomentosa very 
common. Boles are straight, clear, and lo~ig and girths are generally large. The 
estimated stocking rate is moderate to high and locally very high on areas of gentle 
slope. 

The forest is found on dissected fan plains and kills, generally at altitudes below 
2000 ft, and has a moderate access index with minor areas subject to imperfect or poor 
drainage. Areally it is of minor importance, the largest occurrence being in the 
eastern part of the area on Pagei (11) and Fivuma (16) land systems. 

(2) TaN Forest with a Rather Open Irregular Canopy (Foi).-This forest has a 
moderate productivity index. The species composition is mixed, no single species 
contributing more than 10% of individuals present. Boles are generally long, straight, 
and clear. Girths are moderately large and the stocking rate is moderate. 

The forest occurs on 1131s at low altitudes exclusively in the eastern part of the 
area, and has a moderate access index because of slope and occasionally poor drainage 
conditions. It covers 50% of Yassip (18) land system and minor areas of Morumu (19) 
land system. 

(e) Low Productivity Forest 
(i) Forests on Plains 

(1) Tall Forest with an Open Canopy with ScatteredLight-toned Crowns and with 
Sago Palms in the Understorey (FodM).-The forest has a low productivity index and 
is of mixed species composition with a fair proportion of deciduous trees, e.g. 
Planchonia and Terminalia. Neonauclea is often locally subdominant. Boles are 
generally long, straight, and clear and girths are moderately large. The estimated 
stocking rate is moderate. 

It is found on imperfectly to very poorly drained sites subject to occasional to 
frequent flooding on the alluvial and coastal plains, the largest areas being found 
inland. Access is moderate to rarely good. The forest occurs typically on Po (9) 
land system with minor areas on more poorly drained parts of Pual(10) land system. 

(2) Tall Forest with an Open Canopy and with Sago Palms in the Understorey 
(FoM).-The forest has a low productivity index and in composition is very similar 
to FodM forest except in having a lower proportion of deciduous trees. Boles are 
generally long, straight, and clear and girths are moderately large. The estimated 
stocking rate is moderate. 

Like the FodM forest, it is found on imperfectly to very poorly drained sites 
subject to occasional to frequent flooding and generally on wetter sites than FodM 
forest. Access is considered to be moderate, rarely poor. It occurs scattered through- 
out the alluvial and coastal plains, typically on Po (9) land system but occasionally 
on more favourable sites in the more swampy land systems. 

(3) Mid-height Forest with a Rather Open Canopy (Fmo).-The forest has a low 
productivity index and includes only the more advanced stages of the synonymous 
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vegetation type. Species composition is mixed and variable due to its sera1 nature. 
Boles are straight and moderately long but girths are small. The estimated stocking 
rate is low. 

It is found on scroll plains and lower river terraces that are generally well 
drained but regularly flooded. Access is considered good, subject to flooding, and the 
forest occurs on Pual (10) and Papul (8) land systems as scattered stands along the 
alluvial plains of the major rivers. 

(ii) Forests on Uplands 
(1) Tall Forest with a Rather Open Irregular Canopy with ScatteredLighter-toned 

Crowns (Foid).-The forest has a low productivity index and a mixed species 
composition with Intsia bijuga subdominant. Boles are generally long, straight, and 
clear with generally large girths. The estimated stocking rate is high. 

The forest is found on hilly country at low and medium altitudes on a wide 
variety of land systems. Access is variable depending upon slope but overall is 
considered to be poor. 

Poor accessibility gives this forest a low productivity index. Nevertheless it is 
the most important type in the area since it is the largest, covering nearly 700 sq miles. 

(2) Tall Forest with an Irregular Canopy with Scattered Light-toned Crowns 
(Fid).-This forest has a low productivity index and is of mixed species composition 
with Intsia bijuga subdominant, and with deciduous species as an important com- 
ponent. Boles are generally straight, moderately long, and clear, girths moderately 
large but variable. The estimated stocking rate is high. 

The forest is found on dissected fans and hilly country up to an altitude of 
approximately 2000 ft on a large number of land systems. Access is considered to be 
poor largely because of slope and to a minor extent poor drainage on slump floors. 

(3) Tall Forest with an Irregular Small-crowned Canopy with Scattered Light- , toned Crowns (Fisd).-The forest has a low productivity index and is of mixed species 
composition with Pometia tomentosa snbdominant and Hopea very common. Boles 
are moderately long, straight, and clear and girths are moderate. The estimated 
stocking rate is high. 

The forest is found on dissected fans, hills, and plateaux of the coastal ranges in 
the western part of the area. Access is variable but classed generally as very poor, 
mainly because of steep slopes and the occurrence of scarps. It occurs on eight land 
systems, on all of which limestone is found pure or in variable proportions with other 
rock types. 

(iii) Coastal Forest 
(1) Casuarina equisetifolia Forest (C4.-The forest has a low productivity index 

and consists predominantly of C.  equisetifolia. The trees have moderate to long boles, 
branching at low levels, and girths rarely exceed 6 ft. The estimated stocking rate is 
low overall but locally can be high. 

The forest occurs on the outermost beach ridges on well-drained soils and access 
is good. However, the intervening swales are poorly drained and frequently inundated, 
presenting some problems of access. Cq forest is confined to Nubia (2) land system 
and the only occurrence of mappable size is at the eastern edge of the area. 
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(iv) Secondary Forest 

( 1 )  Secondary Forest (FR).-This forest has a low productivity index. I t  differs 
from the old secondary forest (FR) described in Part VII in that it  also includes some 
of the more advanced stages of medium-aged secondary forest (FRm). Being a 
mixture of sera1 stages, it is of variable floristic composition; however, Ponzetia 
pinnata is often subdominant. Boles are generally short to moderately long and 
girths are small to medium in size. The estimated stocking rate is moderate. 

Being anthropogenic, its occurrence is associated with centres of population, 
both in the recent past and at present, and thus it is found on a wide variety of 
habitats and land systems. Access is generally poor due to steep slopes. 

(f) Very Low Productivity Forest 
(i) Swamp Forest 
(1) Mid-height Forest with an Open Canopy and Sago Palms in the Understorey 

(FmoM).-This forest has a very low productivity index and although it is of mixed 
species composition, Neonauclea is very common. Boles are straight and short to 
lnoderately long and girths are of small to moderate size. The estimated stacking 
rate is low. 

The forest occurs on poorly to very poorly drained alluvial plains often subject 
to long periods of inundation. Hence the access is very poor. I t  is found as a number 
of small patches scattered throughout the alluvial and coastal plains regions and is 
confined to Pandago (5) land system. 

(ii) Forests on Uplands 
(1) Tall Forest with a Rather Open Irregular Canopy with Scattered Albizia 

(FoiA).-The forest has a very low productivity index and is of mixed species com- 
position with Albizia as a subdomina~~t. The forest was not sampled in the field but the 
stocking rate is estimated as high, mainly due to Albizia. 

It occurs on sites that are elsewhere occupied by Foid forest and so it is assumed 
to be an old secondary forest. Access is very poor owing to steep slopes and the forest 
is confined to Puari (20) land system in the eastern part of the coastal ranges. 

(2) Tall Forest wit11 a Rather Open Even Canopy (Fov).-This forest has a very 
low productivity index and in the absence of any field observations is assumed to 
have a high estimated stocking rate. Species composition is mixed. 

The forest is found on plateau remnants in the eastern part of the coastal ranges 
and is confmed to Serra (36) land system. Because of very steep slopes, access is 
considered to be very poor to ilil. 

(3) Mid-height Forest with an Irregular Small-croweed Canopy (Fmis).-The 
forest has a very low productivity index. No ground observations were possible but 
from aerial reconnaissance the forest is assumed to he similar to Fmi forest but with 
emergent Araucaria. The estimated stocking rate is moderate but may be locally very 
high in areas of denser Araucaria. 

The forest is restricted to the north-western part of the coastal ranges, on the 
slopes of Mt. Bougainville, on Oenake (32) land system. Access within the forest is 
considered to be moderate but poor to very poor in surrounding areas. 
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(4) Mid-height Forest with art Irregular Canopy (Fmi).-The forest has a very low 
productivity index and is of mixed species composition. Intsia bijuga is very common 
and Tristania may be locally dominant. Boles are generally straight and moderately 
long and girths are small to moderate in size, rarely large. The estimated stocking 
rate is moderate. 

The forest is found mainly along the lower parts of the inland ranges above the 
foothills zone. Access is considered to be very poor because of steep slopes and the 
forest is found on a wide variety of land systems. 

(5 )  Mid-height Forest with art Even Canopy (Fmv).-The forest has a very low 
productivity index and is of mixed species composition, Intsia bijuga often being 
subdominant. Boles are moderately long and straight but girths are typically small. 
The estimated stocking rate is moderate. 

Although the forest is found on crests and upper slopes where slopes are often 
gentle to moderate, access is considered to be very poor because of the steepness of the 
surrounding land. It is confined to the inland ranges, particularly in the eastern part of 
the area and rarely exceeds 2600 ft altitude. The forest is found on a variety of land 
systeins but in particular on Piore (25). 

(6) Mid-height Forest with a Rather Darlc-toned, Rather Even Canopy (Fm).- 
Although no field observations were made in this forest it is assumed to be similar 
to Fm forest in the adjoining Aitape-Ambunti area. The forest has a very low 
productivity index and species composition is generally mixed. Castanopsis is 
subdominant, and may locally predominate on ridge crests. Boles are generally 
moderately long and girths generally small to moderately large. The estimated 
stocking rate is moderate. 

It is found on ridge crests and upper slopes at altitudes above 1600 ft on the 
inland ranges. As it is surrounded by steeper slopes, access is considered to be very 

1 
poor. Fm forest is found on several land systems but in particular on Somoro (39). 

(7) Mid-height Forest with a Rather Open Irregular Canopy (Fmoi).-The forest 
has a very low productivity index and is of mixed species composition, much the same 
as Fmi forest. Pometiapinnata and more rarely Tristania may be locally dominant. 
Boles are generally straight and moderately long and girths are generally small, rarely 
large. The eslimated stocking rate is moderate. 

It is found on the inland ranges in similar situations to Fmi forest but perhaps 
on slightly steeper and less stable slopes. Access is very poor. The forest occnrs on a 
wide range of land systems. 

(g)  NilProductivity Forest 

(i) Forests on Uplands 

(1) Mid-height Forest with a Vely Dense Canopy (Fmc).-The forest has an 
cxtremely low productivity index and was not visited in the field. I t  is assumed to 
have a low estimated stocking rate. 

The forest is confined to Mt. Bougaillville on the limestone plateaux in Sersa (36) 
land system, and access is very poor, 
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(2) Mid-height Forest with a Very Dense Canopy of Irregular Height (Fmci).- 
The forest has an extremely low productivity index and, like Fmc forest, was not 
sampled in the field. From aerial observation some Araucaria was noticed on Mt. 
Bougainville, and Casuarina was locally common in the Bewani Mountains. The 
estimated stocking rate is low and access is very poor to nil, mainly because of scarps 
and karst land forms. The forest is found on plateaux and plateau remnants on 
limestone in Serra (36) and Kohari (35) land systems. 



APPENDIX I 

By H. A. HMNTJENS," P. C. HEYLIGERS,* E. L~~FFLER,* and J .  C. SAUNDERS* 

The information contained in this Appendix is presented in suhject groups under 
the same headings as used in the land system descriptions, hut it applies to all sections 
of the report. More detailed information is given elsewhere by Haantjens (unpublished 
data, 19697) on drainage status, agricultural soil depth, soil gleying, soil permeability, 
available soil water storage capacity, soil reaction, soil nutrient status (N, P, K 
contents), and on the methods of assessing land use capability for arable crops, tree 
crops, improved pastures, and irrigated rice. 

11. DEFINITIONS AND EXPLANATIONS 

(a) Land Forms 

(i) Slope Steepness.-Measured in the field or estimated on aerial photographs, 
slope steepness is expressed in classes defined in Table 26. The classes are based 

TABLE 26 
SLOPE CLASSES 

Class Angle Percentage Gradient 

Level 
Very low gradient 
Low gradient 
High gradient 
Very gentle slope 
Gentle slope 
Moderate slope 
Moderately steep slope 
Steep slope 
Very steep slope 
Precipitous slope 
Cliffed slope 

essentially on equal intervals on a logarithmic slope tangent scale (Speight 1967). 
They are applied to stream gradients as well as land forms. 

*Division of Land Research, CSLRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
( CSIRO Aust. Div. Laud Res. tech. Memo. No. 6914 (unpublished). 
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(ii) Relief.-Defined as the difference in altitude between major* ridge crest or 
peak and nearest major* valley floor, relief is largely estimated from aerial photo- 
graphs, locally measured in the field. The relief classes are shown in Table 27. 

TABLE 27 
RELIEF CLASSE.5 

Class 

Nil 
Ultra-low 
Very low 
LOW 
Moderate 
High 
Very high 

Relief 
(ft) 

< 20 
20-50 
50-150 
150-300 
300-750 
750-1500 

> 1500 

(iii) Grain.-Grain is defined as the modal value of half the distance between 
major stream beds as estimated from acrial photograpl~s (Speight 1967). Grain 
categories are defined in Table 28. 

TABLR 28 
DEFINTION OF CATEGDXmS OF GRI\IN 

Grain Grain 
category (ft) 

Ultra-fine <250 
Very fine 250-500 
Fine 500-1000 
Medium 1000-2000 
Coarse 200011000 
Very coarse > 4000 

(iv) Crest Width.-Based on field measurclneuts and estimates from aerial 
photographs, crest widthis indicated as: knife-edged, < 15 ft; very narrow, 15-50ft; 
narrow, 50-150 ft; broad, 156500 ft; very broad > 500 ft. 

(b) Strean~s and Drainage 
(i) Stream Gradient.-See slope steepness classes under Subsection (a) (i). 
(ii) Stream Width.-This is either qualitatively described or estimates of 

mneasurements (field measurements for small streams, air-photo measurements for large 
rivers) are given. These data apply to the whole of the bare or  sparsely vegetated 
stream bed, not necessarily to the channel alone. 

(iii) Flood andhiundation Hazards.-Of necessity these are qualitatively assessed 
from land form, vegetation, and soil indications and from information supplied by 
local residents. Although a rating system exists for the seriousness of these hazards, 
information in this report is always given in a self-explanatory form. 

* This term is not used in an absolute sense but in relation to the conditions prevailing in each 
land system. 
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(c) Soils 

(i) Degreeof Soil Deve1opnzent.-This is qualitatively expressed as: undeveloped, 
slightly developed, moderately developed, strongly developed, very strongly developed. 
I t  is assessed from such features as apparent degree of alteration relative to the 
underlying parent rock, soil horizon differentiation, degree of leaching (pH), soil 
colour, and solum thickness. 

(ii) Soil Co1onr.-Colour is not normally mentioued in the soil descriptions 
since this attribute is not used directly in the 7th Approximation. For information 
on soil colour the reader is referred to the detailed descriptions of the lower soil 
classes available upon request. 

(iii) Soil Depth* (Agricultural).-Agricultural soil depth is assessed to a routine 
maximum of 6 ft. In the first instance, depth is measnred to a horizon considered 
impenetrable for any but afew roots. Above any such horizons soil layers considered 
to offer ouly normal resistance to root penetration are assessed to contribute fully to 
soil depth, but only half the thickness is used to calculate soil depth for layers con- 
sidered to offer much resistance to root penetration. Normally such layers are 
extremely hard, iirm, or plastic. Soil aeration is not used in calculating soil depth, 
since this is accounted for in drainage status. The depth classes arrived at in this 
manner have the following limits: very shallow, <10 in.; shallow, 1CL20 in.; 
moderately shallow, 2C30 in.; moderately deep, 3045  in.; deep, 45-60 in.; very 
deep, > 60 in. 

(iv) Soil Drainage Status.-This is assessed from a combination of indications 
including depth and degree of gleyiug in the soil profile (see also soil gleying under 
Subsection (c) (v)), vegetation characteristics, and water-tables observed and also 
takes into account climatic, slope, and other soil factors. Six classes are recognized 
and can be described as follows. 

Excessiee~j~ drained.-Lack of soil moisture occurs during rainless periods of 
short duration and common occurrence. 

Well drained.-Absence of features pointing to excessive moisture in the soil 
above a depth of 5 ft; sustained supply of soil moisture during rainless periods, at all 
times or except towards the end of exceptional droughts. 

Imperfectly drained.-Permanent or prolonged excessive soil moisture in the 
deeper subsoil (usually below 40 in.) or short periods of excessive moisture in the 
surface or throughout the profile; dry-season water-tables below 4 ft. 

Poorly drained.-Permanent or prolonged excessive soil moisture in the subsoil 
(usually between 20 and 40 in.), or relatively long periods of excessive moisture in the 
surface soil or throughout the profle; commouly shallow water-tables during the 
wet season. 

Very poorly drained.--Permanent or prolonged excessive soil moisture through- 
out the protile, except for the surface soil to a depth of at most 9 in. ; commonly 
dry-season water-tables between 2 and 4 ft rising to close to the surface during the 
wet season. 

* For engineering soil depth see Subsection (g) (i) 
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Swamnpy.-Permanent excessive soil moisture th~oughout the profile; water- 
tables at or near the surface during the dry season. 

(v) SoilG1eying.-As used in this report, the terms slightly, moderately, strongly, 
and very strongly gleyed are based on the depth at which gleying occurs, and on the 
expression of the gley phenomena in terms of degrees of greyness and percentage and 
colour of mottles. This introduction of depth of gleying as a criterion is not strictly 
correct and has resulted in too close a relation between gleying classes and drainage 
status classes. 

(vi) Soil Permeability.-This has been assessed qualitatively on the basis of soil 
texture and structural and consistency properties. Ideally, rates of water movement 
associated with the classes are: very rapid, 1 8  in./hr; rapid, 2.5-8 in./hr; 
moderate, 0.5-2.5 in./hr; slow, 0.1-0.5 in./hr; very slow, <0.1 in./hr. 

(vii) Soil Texture.-This is assessed in the field without supporting laboratory 
analyses and is based on the textural classes of the United States Department of 
Agriculture (1951). For Unified Soil Classification, see Subsection (g )  (ii). 

(viii) Soil Reaction (pH).-Based on colorimetric field measurements of pH, 
soil reaction is expressed as a weighted average for topsoil and subsoil, emphasizing 
topsoil pH, in seven classes: strongly acid, pH c 5 ;  acid, pH 5-5.9; weakly acid, 
pH 6-6.5; neutral, pH 6.6-7.5; weakly alkaline, pH 7 . 6 8 . 0 ;  alkaline, pH 8.1- 
8.5; strongly alkaline, pH > 8.5. 

(ix) Nitrogen, Phosphate, andPotush Contents.-soilnitrogen ratings are based on 
N determinations by the modified Kjeldahl method for topsoil samples only (usually 
&6 in., in cases somewhat deeper). Classes are: very low, < 0.1 % N (minimum 
recorded 0.05%); low, 0.1-0.2% N; moderate,O.ZILO.S% N; high, 0.51-1 .OX N; 
very high, > 1 .OX (maximum recorded 1.44%). 

Soil phosphorus and soil potassium ratings are based on weighted averages for 
samples of topsoil and subsoil (mostly between 2 and 3 ft depth), emphasizing topsoil 
values. Phosphate was measured in a supposedly available form by 0 . 0 1 ~  sulphuric 
acid extraction according to the Kerr and von Steiglitz (1938) method and results 
classed as: very low, c 10 p.p.m.; low, 1C20 p.p.m.; moderate, 21-50 p.p.m.; 
high, 51-100 p.p.m.; very high, >I00 p.p.m. (maximum recorded 360 p.p.m.). 
Potassium was determined by the stroilger sulphuric acid extraction method of Hunter 
and Pratt (1957) and results classed as: very low, < 0 . 2  m-equiv. % I< (minimum 
recorded 0.04 m-equiv. %); low, 0.2-0.4 m-equiv. % K; moderate, 0.41-0.75 
m-equiv. % K; high, 0.76-1.5 m-equiv. % K; very high, > 1.5 in-equiv. % K 
(maximum recorded 3.26 m-equiv. %). 

(d) Population and Land Use 

(i) Population.-Population data are derived from the district village census for 
the year 1965-66. Their presentation for the land systems is based on the census 
villages located within each land system. 

(ii) Land in Current Use.-This includes all native garden land which bas bee11 
cleared, planled, is iu production, or has been recently abandoned. It covers a cycle 
of 4-5 years. 
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(e) Forest Resources 

(i) Soil Drainage and Inundation Index (DI) and Flooding Index (F).-The main 
objective of these indexes is to indicate the limiting effect of soil wetness and overflow 
on vehicular access to the land. It is assumed that due to precipitation alone all land 
will be inaccessible for a certain length of hme each year, evenunder optimum drainage 
conditions. The time is estimated from the period in which soil moisture rises above 
field capacity and is calculated from the results of the application of the water balance 
model in Part IV. Above field capacity conditions are assumed to occur in those 
weeks when soil moisture storage has reached maximum level (4 ill.) and in which 
more than 3 in. of run-off occurs. The length of the period varies from 20 days per 
year at Imonda and Ossima to 47 days per year at Vanimo (Table 29). Generally it 
can be expected that shorter periods occur in the intermontane lowlands and longer 
periods elsewhere. An average figure of 30 days per year is used over the whole area 
in assessing the D I  index. 

Amanab Imonda Ossima Pagei Vanimo 

May-Oct. 19 6 6 7 13 
Nov.-Apr. 17 14 14 20 34 
Yearly 36 20 20 27 47 

*Length of records: Amanab, Ossima 7 yr; Imonda, Pagei 5 yr; Vanimo 17 yr, 

The DI index is calculated for each mapping unit (land system or forest type). 
It is the sum of the products of percentage area of the unit affected by a particular class 
of hazard, and a weighting factor equivalent to the maximum expected number of 
days per year the hazard could render the land inaccessible, as set out in Table 30. 

Thus : 
D l  = 0.08 (w0) + 0.22 (wl) + 0.44 (w2) + 0.71 (w3) + 0.85 (w4) + 0.27 (il) 

+ 0.41 (i2) + 0.55 (i3) + 0.82 (i4) + 1.0 (i5), 
where (wO), (wl), . . . (w4) and (il), . . . (i5) are the percentage areas in each access 
hazard class. However, where a soil drainage and an inundation hazard occur 
together only the maximum (according to Table 30) is used in the formula. 

The F index is derived in the same way as the DI index, but in the case of 
flooding occurring at least twice per year the minimum figure of 30 days per year 
is used. 

(ii) Terrain Access Index (AI).-For the purposes of Part V111, access is con- 
sidered to be affected by the following environmental factors: slope and relief, 
precipitation, soil drainage, inundation, and flooding. The degree of access hazard 
attributable to each of these factors, except slope and relief, is compounded in a 
series of weighted factors based on the number of days per year that the land affected 
will be inaccessible to conventioi~al wheel vehicles (see previous section). 

Although all of the environmental factors interact, their effects are often additivc, 
e.g. imperfectly drained soils on inoderately steep slopes. For this reason, the terrain 
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access index is calculated as the slim of the slope index,* the soil drainage and 
inundation index, and the flooding index for each mapping unit, subtracted from 100. 

In some land systems the terrain access index is upgraded because of very low relief 
or favourable location. Terrain access index classes are: nil, 0-5; very poor, 6-20; 
poor, 21-40; moderate, 41-60; good, 61-80; very good, 81-100. 

TABLE 30 
PERIODS OP INACCESSIDEITY ASSOCL4TBD W E 1  VARYIN0 DBOREF3 OF W A R D S  

DW TO WETNESS 

Expected maximum Weight factor for 
duration of calculating drainage/ 

Nature and class ol hazard inaccessibility inundation or flooding 
(dayslyr) index 

Soil draiuage status 
Well drained (wO) 30 0.08 
Imperfectly drained (wl) 80 0.22 
Poorly drained (w2) 160 0.44 
Very poorly drained (w3) 260 0.71 
Swampy ( ~ 4 )  310 0.85 

Inundation 
Pe~iod ,< 50 dayslyr (il) 80 0.27 

51-100 dayslyr (i2) 130 0.41 
101-150 dayslyr (i3) 180 0.55 
151-250 dayslyr (i4) 280 0.82 
>250 dayslyr (is) 365 1.00 

River flooding 
Once in 6 1 0  yr (fl) 3 0.01 
Once in 2-5 yr (f2) 8 0.02 
Once every yr (f3) 15 0.04 
More than once every yr (f4) > 30 0.08 

(iii) Stoclcing Rate Index (SR).-The forest type with the highest estimated 
stocking rate is given an index of 100. Other types are given indexes proportionate 
to their estimated stocking rates. 

(iv) Estin~ated Stoclcing Rate.-The derivation of this figure is explained in 
Part VIII. Stocking rates are classed as follows: very high, > 12,000 super ftlac; 
high, 900&12,000 super ftlac; moderate, 6000-9000 super ftlac; low, 3000-6000 

super ftlac. 
(v) ForestResouuceIndex (FI).-Calculated for each land system, it is the sum of 

the products of percentage area and stocking rate index for each forest type present. 
The forest resource index classes are: nil, 0 - 5 :  very low, 6-20; low, 2140; 
moderate, 41-60; high, 61-80; very high, 81-100. 

(vi) Forest Producti1,ity Index (FP).-This is the product of the access index and 
the stocking rate index of the forest type, divided by 100. The forest productivity 
classes are: nil, 0-5; very low, 6-12; low, 13-28; moderate, 29-50; high, 51-80; 
very high, 81-100. 

'This index is calculated for each land system from: 0 x (% slopes <I04 + 0.33 X 

(%slopes 10-17') + 0.66 x (%slopes 17-30? + 1 x (%slopes >30"). 
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(vii) Access Categories.-The land systems are first grouped into four categories 
(I-IV) on the basis of their slope index (I, lL20; 11, 2140;  111, 41-70; IV, >70), 
which gives an assessment of the proportion of accessible slope in one land system 
relative to another. Some of the more rugged land systems are placed in a better 
access category where very low or low relief may increase their accessibility. 

Land systems with soil drainage and/or inundation deficiencies are subdivided 
on their drainage/inundation indexes (w, 22-30; W, 31-70; S, 71-100). Four more 
access categories (Iw, IIw, W, and S) are thus recognized, presenting increasingly 
difficult access. 

Those land systems in access categories I and Iw that are subject to flooding 
oncea year or more often over at least 20 % of their area are placed in access categories 
IF and IFw respectively. 

(viii) Reject Percentage.-In each forest type this is the percentage of total trees 
recorded that was rejected as being unsuitable for milling. To obtain the number of 
usable trees per acre, the trees/ac figure must be reduced by this percentage. 

(ix) Usage Group.-These groups are identical with those used by the Department 
of Forests, Papua New Guinea, as at 1 March 1963, and may be dehed  briefly as 
follows: 

Group 1.-Suitable for high-quality veneer timber. 
Group 2A.-Conifers-Araucariaceae. 
Group 2B.-Conifers-Podocarpaceae and Cupressaceae. 
Group 3.-Suitable for high-quality cabinet timber. 
Group 4A.-Construction timber, but can also be used for cabinet timber. 
Group 4B.-Construction timber only. 
Group 5.-Construction timber, not well known and generally requiring 

treatment. 

(x) Frequency of Occurrence.-Frequency classes for species recorded are listed 
in Table 31. 

T ~ L E  31 
PREQUBNCY CLASSES OP OCCURRENCB OF TREE SPECIES 

Frequency class Symbol Frequency 
( %) 

Predominant P > 80 
Dominant D 5&80 
Subdominant S 2&50 
Vely common V 15-20 
C o m ~ o n  C 10-15 
Occasional 0 5-10 
Rare R < 5  

(f) Agricultural Assessment 

(i) Land Use Capability Indexes.-The capability of land for arable crops, tree 
crops, improved pastures, and irrigated rice has been assessed using six levels of 
suitability ranging from very high to nil. 
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For each land system, four capability indexes (A for arable crops, T for tree 
crops, P for improved pastures, and R for irrigated rice) are calculated by adding 
weighted estimated proportions of land with a certain level of suitability as follows: 
1 x (% land with vely high suitability) + 2 x (% land with high s~iitability) + 
f x (% land with moderate suitability) f + x (% land with low suitability) + 
& x (% land with very low suitability) + 0 x (% land without suitability). 

The overall land use capability index (CI) of a land system is calculated as the 
mean of the indexes for arable crops, tree crops, and improved pastures. The index 
for irrigated rice is excluded because of the very special conditions applying to this 
form of laud use. 

(ii) Land Use Capability Class.-Six classes of land use capability, applied to the 
four major kinds of agricultural land use, are based on the land use capability indexes 
(CI, A, T, P, R) as follows: d, index 0-5; very low, index 6-12; low, index 13-28; 
moderate, index 29-50; high, index 51-80; very high, index 81-100. 

(iii) N, P, K Contents.-See Subsection (c) (ix). 

(g) Engineering Assessmenf 

(i) Soil Depth (Engineering).-Engineering soil depth is measured or estimated 
to underlying hard rock. Hard rock is defined as being impenetrable by hand auger 
or spade, but excluding gravel or stones. It is not synonymous with fresh rock, and 
engineering soil depth is no more than a rough guide to the depth at which fresh 
rock may be found. The following depth classes have been used: very shallow, 
< 2  ft; shallow, 2 4 f t ;  moderately deep, 5-9 ft; deep, 1&15 ft; very deep, > 15 ft. 

(ii) UnijTed Soil C1assijTcation.-The classes used are described by Wagner (1957). 
Theplacement of soilsinthese classes is partly based on sample tests carried out by the 
Department of Public Works, Port Moresby, partly on extrapolation of these data to 
untested soils by means of correlation with field soil textures and soil type. 
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Fig. 1.-Vw\r from Oenake h lounta~ns  to Vanimo peninsula. Vaninia harbour (to the Icft) provider 
good anchorage for ocean-going \esscls. The peninsula consists o f  upl~fted coral limestone and is 

surrounded by a fringing reef. Hemispherical limestone hills in the foreground. 

Fig. 2.-Ucnch rldgcs and swales in front of t11c coa\ial l a n g c i  Bcach i ~ l g s s  carry niainly secondary 
vegetation and inundated swalcs hcrbaceous vegetation. In the lcft background there is some sago 

palm vegetation. 
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Fig. I.-Coral platforms in front of the Oenake hlountains. In the fore_eround, coral platforms rising 
gently from the fringing reef; in the background, uplifted coral platform forming flat terrace. 

Fig. 2.-Ertensi$e arcas of tail forest cover mast of the allu\ ial plains of the area. The forcit resources 
are high. 
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Fig. I.-Lou ridges of marl and inodstone form thc cactein part o f t he  intcrrnonranc Ioulands. The 
Bewani Mountains (background) rise snarply from thcse l a ~ ~ l a n d r .  The \egsration is tall forcst of 

high forest resources. 

Fig. 2.-ITlat Ian suiface uitli saamp? dcptcsiions in the nestern part of Ihc inteimontanc loalands. 
In the foreground, sbrarnp? depression a i t h  sago palm vegetation; in thr  middle and background, tall 

farcst with open canopies. Forest resources are very high. 
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Fig. I.-Central and highest part of the Reaani Mountains formed of massivc mountain ridges on 
basement rocks. Vegetation is mid-height forest of law forest resources. 

Fig. 2.-Small village perched on narro\v ridge crest. The villagc is sorro~~ndcd by coconut palms and 
gardens. 
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I 1 m i l e  I 

hlndang ( I )  land system: raised coral \\lth la11 forest \kith n rather opcn canopy (Fo), gardens, and secondary 
regetation. I\[ the sea side. coral reef rising slightly abwe high tide. 

Muru (34) land astcm: uplincd and dirrcctcd rcmnumr of coral reef platfnrmr ail11 tall fore51 $\i ih a ralher open 
irregular canopy u i t h  scattered lighter-loncd rro\%ns (Foidl. denqer in the \\ester" part ( F i d ) ~  



1 mile , 
Nubla (2) land s)rtem: sequence of lo\,, very gmtl)  undulating beach ridgec and rnaler \\ i th gardens and coconut gro\cs. 
Leilre (3) land system: permanent coastal back s\ran,ps nit11 aqllatic lherbaceour \egetation ( H I  and mlrtorer of .\:lpa 
and sago palrnr (N'h l )  i n  pertnanently inundated sittlat~onr and ~ ~ d g r  \~gc ta l i on  \\it13 rcaltcred pandanus (V) i n  

periodically flooded areas. 
Pandago (5) land r)srem: flood-plain s%rampr sit11 mid-height forest with an open canopy s i l h  sago palnls i n  the under- 
rtorcy (FmoM). The mmall flood-plain mapped as Pual (10) IS co\ered \r i lh tall rorert n i t h  a rather open mlal lcro\vned 

canopy (For). 
L im ia  (30) land ryrtmm: high steeply dicrected limcrtone plaleau n i t h  tall forest u i l h  a rather apcn irrcglllar canopy with 

scattered lighter-toned crovnr (Foid). 
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L 1 mile  I 

Nigia ( 6 )  land ryrtern: unstable flood-out plainr near Beuani Mountains front. The original ro re r~  vegcLation has k e n  
largely destroyed by  flooding and ir k i n g  replaccd by sago palm vegetauon. 

Pual (101 land ryrtem: extensive allu\,ial plainr wi th  tall forest n i t h  an opcn canopy w i th  scattered light-toned crowns 
(Fodl. 

Pagel ( I l l  land system: flat lo w r y  gently r loping allu\'ial fanr with lal l  forest \rich an open canopy xrirh scattered 
liglit-toned cronnr and a dense understore) (FudDl. 

Luap (12) land syslrrn: rlighlly dissected fanr \ \ i th lal l  forest \\it11 an open canopy u i l h  scattered light-roned rrornr  and 
a dcnrc understorey IFudD). 
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1 m i l e  , 
Baru (7)  land system: \.alley floors along mmller and nledium-sired rtreanlr n i lh discontinuous tcrracer cowred with 

tall lorest v i rh an open srnalliro\\ned canopy n i lh  scattered light-loncd cronnr (Ford). 
Po (9) land system: poorly drained allu\.ial plains \\ith tall forest w t h  an open canopy with scallercd light-toned crowns 

and \kith sago palms in the underrtorcy (FodM). 
I r i  (IS) land system: \.cry lo\\. hills and ridges on marl \\ith la11 loren a i r h  a rather open irmgalnrcanupy si l l> scattered 

lighter-toned crowns (Faid). 
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, l m i l e  , 
Pual (10) land system: extensive al lu\ ial  plains along the major rivers with up to  three tcrracer. Along the cncandering 
river there are scroll complexes and cut-off meander tracts. Cane grass wgetation (GI) covers bars and banks and 
develops into mid-height lorest with a rather open canopy (Frno) on the lowest terraces. The plain in co~ered  wi th  tall 

forest a i t h  a rather open canopy w i l h  scattered lighl-toned crohnr (Fod). 
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1 mi le  

Pagei (11) land system: flat to very gently sloping allu\,ial fans with tall forest with an open canopy with scattered 
light-toned crowns and a dense understorey (FodD). 

Punwep (13) land system: strongly dirrected fan remnants with tall forest wit!> a rather open irregular canopy with 
scattered lighter-toned croanr (Foid). 

Nabes (14) land system: permanent swamps inclosed depressionson fan surface with sago palm vegetation with emergent 
trees (Me). On the terraces of the Puwani Riwr in Pual (10) Coraori,ro c r n s # i , ~ ~ l ~ o , ~ ~ ; o ! ~ ~ - E ~ ~ c ~ / y p r z r ~  d<~s/trpfo forest (CE) 

OCEUrI. 
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I 
1 m i l e  I 

K a b u l  (41 land system: flood-plain %\amps i n  floors of  blacked \,alleys with sago palm vegetalion (M). 
F i w m a  (16) land system: long subparallel l o  dcndrilic ridger with short spurs on marl and mudstone. The original 
vegetation is tall forest w i l h  a rather open irregular canopy wi th  scattered lighler-toned crowns (Foid) but lhis has been 

replaced by r ~ o n d a r y  vegetation i n  areas around the swamps. 
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, 1 mi le I 

Muru (17) land system: asymmetric (hamoclinal) ridges wilh dip slopes formed of marl and mudrtone, and oulcrop 
slopes formed of sandstone. Vegelation ir la11 forest with irregular canopy wilh scattered light-toned crowns (Fid). 
Puari (20) land system: irregular pattern of ridger with short spurs on marl and mudslone. Slumping is common. The 
vegelalion is tall forest with a rather open irregular canopy with scattered lighter-toned crowns (Foid), which on the 

high ridge crest are Albiiia (FoiA). 
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1 mi le 

Papul(81 land system: flood-plains and r i x r  terraces along larger streams i n  areas o f  highcr relief. The \egelation is cane 
grass (GI) and mid-height forest \rill> a rather open canopy (Frno) on the terraces and lal l  forest \\i l l1 a rauhrr open 

canopy (Fo) on ll le flood-plain. 
Yarr ip (18) land r)rtem: very lo\% ridges on interbrddcd riltrlone, mudstone, and sandstone co\cred n i t h  tall forest a i t h  

a ratllcr open irregular canop? uilh rcallered lighter-toned cronnr (Fold). 
Numioilen ( 2 2 )  land system: short wry irregular strep hills and rldger on interbedded siltstone and randstonc. Slump~ng 
is coininon. Tlie \rgetation belongs lo tbc ralns t!pe a5 in Yurrip (IXI. except i n  the sou l l l ~ ra r l  corner nherc i t  is mid- 

height foreit nit11 a rather n p m  irrcgolar canopy 1l:moi). 
M w a l  (23) land r?slem: aymmecrical lh111s and r~dgc5 o n  inarhrddcd sili\ionc, sundrlunc, and conglomcrucc \ u l h  

s1cr.p dips. Thu fortii 8 ,  o f  lhc I'oid ~ p c .  
Flobum (24) land systum: lo\\ moomain ridgc5 nich madcracel) \cerp dopa on sillnone. mudslunr. and ~and \ lon r .  
Slurllplng 1s \er) comolon. The \cgclalir>n is a~#d-hc#gh l  fc>,rr.n v ~ l h  an c\cn c a n ~ p )  IFrn\ )  nhxch c\lend\ 10 adjacent 

parts o f  Nunlo8hen 1121. 
Sulen (27) land r?rtcnl: slumped and g~l l l icd n~,unicr#n rldges ~ ~ ~ 1 1 ~  %er> rlccp \lopes on mud\ionc and silt\l,%nc n i r h  

call fuiesc IFonl).  
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l mile , 
Morumu (19) land system: dcndritic t o  subparallel rhor l  ridges probably representing remnanls o f  lorrner lanr. The 
vegelation is tall rorea a i th  a rather open irregolar canopy s i l k  scatlered lighter-toned cronnr (Fold] or, on the southern 

occurrence, mid-height forest u i t l l  a rather open i r r r g ~ l a r  canopy (Flnoi) \rl l ich also cmerr Barida (33). 
Barida (331 land syslern: high ridges n i l h  broad crcsls and w r y  sleep straight sidc slopes on sandstone. 

Serra (361 land rynern: high limeitone ridge wit11 promincnr karst fealurer. The wgelal ion is mid-height furerr with a 
w r y  dense canopy of  irregular height (Fmcil. 
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L 1 mi le  I 

Puive (21) land syaem: broad ridges n i l "  moderate ride slopes. Slumps arecommon. The la11 rorert has a rather open 
irregular canopy \\iIh scattered lighlcr-loncd Crmvns (Foid), (he largest of which are Alhirio (FoiA). 
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1 m i l e  I 

Piore (25) land synem: coarre-grained dendritic ridges \\it11 broad rounded crrilr on consolidated siltstonc, sandstone, 
and mudstone. Mid-height forest n i t h  an even canopy (Frnx) and mid-height forest a i t h  a rather open irregular canopy 

(Fmoi) c m e r  most of ihe area. 
\\'uro (26) land r).rtern: hog back mountain ridgcr n i l h  steep dip slopes and very steep outcrop slopes. The tegetation 

is ",id-height furcrt r l l h  an irregular canopy 1Fmi). 
hlup (38) land system: isolated hi l l r  and ridges on basement rocks rising abow the surrounding sedimentary areas and 

covered \,it11 mid-height forest with a rather open irregular canopy (Fmoil .  
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Punan (29) land ryrrcm: irregular pattern of lo\\, broad ridges and hill5 formed on impure l~mertone ni lh  frequenl 
intercalations of sandstone, siltstone, and mudslonc. The \egelalion is tall lorest ni th a rslher open irregular canopy 

a i th  rcallered lighlsr-loncd 'roans (Foid) ahirh also co\crs the adjacent area. 
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1 m i l e  

Jarri O i l  land ryrtern: plateau-like areas with irregular l oa  hilly or ridgy surldce on limestone inlerculated \tit i> mudslone, 
rillrlone, sandstone, and volcanicr. The tall forest has a rather open irregular canopy p i t h  scattered lighter-toned crowns 

(Foidl, but is denser and nnaller-crovned IF8,dl III i11e restern part o f  the area. 
Oenaks (321 land ryrtern: coarse- lo very coarse-grained pallern nfr8dgcs n i l h  \cry irrcgular sbper. Limestone dominant 
but intercalations or marl. rnudrt<,ne, and rillstone are frcquenl. The tcgclalion is mid-heighl forest \%ith an irregular 

mma-crunned canopy IFmls). The \cry (all 18ghL-Loned mmergcnls are Aroircorm. 
Kollar! (351 land r)rtenl: \cry fine-gra~ned vattern o f l o u  and w r y  l oo  n~or l l !  conical-shapcd karst l i i l ls enclosing sink 
lloles fornled on reef 18mestone. Tal l  forest n i l h  an irrcgular snlall-unlnned canopy \\i l l1 rcuucreil I~ght- loned cro\<sr 

IFird) cuter5 rllort o f  this land s?str.nl as acl l  as the next one. Uapo 128). 
ljapo (28) land r? r t rm :  fine-gra~ned pattern or lou ridges linlrstone. volcan8cs. and mudscone. Slumping ic common. 
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I l mile I 

Serril(36) land syslriil: blgh 18inC~lonc plateall \\1111 pn?mlncnt Lars1 fsalurer. The \cgetal~on con\i\lr of tall filrcrtr \ \ l th 
rather open canop8er. e\en t F u \ l  in the lonr.,l. norlhern part. irregular ( k i d )  on ihr. ica~nindcr.  

Nubia 12) land r?slem: rand? beach ridges and r ~ ~ n l e ,  \rl111 gar~lenr and srcondary \rgctallon. including gradandr  \ \ i th 
scattered trees I\') .  Sago \sgzlalinn \ u l h  sincrgcnl trees I h l c )  occurs in lhc nestern hacl ranmp: car1 of !he udal creek 
a mid-height forest occurs \ ~ l h  pandans and sago ~pnlnir IFrnP\I) and in the extreme north-eastcm corner a pure stand 

of C,,r,,arern <.,,<<;.r'~,it;>/i,z (Cql. 
Lcitrr. ( 3 )  land r?slrm: perrnanenl coaslal bock r n a n l p  n ~ l h  hrrhvceour \cgclalion I l l )  and a inli\kurc of h)po and sago 

pa1r,,s I S  \ I ) .  
Pual 110) land s?rtcm: c\renri\f allu,ial p l a n  along i l i?  B l r  K i \ c r  cmzred \%i lh  [all forol u l l l l  a rather open canopy 
(Fo) and, in the north-rosrern curncr. w ~ l h  \cattr.ri.d ltglic-toncd cronnr IFud). Tal l  forebr uicll an opcn canop) u i t h  

sago palms in the underslorcy ( F o \ l i  indicates an ill-drained part, mapped uul us Po (91. 
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l m i l e  I 

Kum (37) land ryr lcm: rharpl) and defisely spurred ridger with \cry steep straight slopes fornled on gabbro and diorite. 
The tegetation is inid-height forest n i t h  a rather open irregular canopy (Fn>oO. 

Somoro (19) land s)r~crn: marri \e mountain ridges with \.try rtcep and rtraighl slopes on granodiorite, gabbro, and 
diorite. The vegetation is mainly rnid-height forest with an irregular canopy (Fmi) with reral rtagcs (Fmc') on steepest 
slopes. In  the earl, the highest crcrtr are co\cred u i t l l  inid-height forest n i l h  a rather dark-toned r \ e n  canopy (Frn), 

and on the slopes stands o f  Cnrrmr;,ro poprrono fCa1 are found. 
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